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1 PROCEEDINGS 

2 (Exhibit Number 1 

3 was marked for identification.) 

4 THE VIDEOGRAPHER: We're on the record at 

\ 

:47, Today's date is October 26, 2000. This is the 
?ape Number 1 of the videotaped deposition of Stephen 
itrawsburg fr^T his deposition is being held at Womble 
^.rlyle Saipjri^ige & Rice, 200 West Second Street, 

North Carolina. 

fie is Donald Graves . The court reporter 


ounsel please introduce themselves? 

RRY: My name is Paul Carberry, with 

he law fijE^f Dewey Ballantine, representing the 

Cross and Blue Shield Plans. 



RRY 


My name is Tamia Perry from 


18 

19 s 


, Herrington & Sutcliffe for the plaintiffs in 
he Falise action. 

MR. SCHROEDER: Tom Schroeder, Womble, 

20 Carlyle, for RJ Reynolds Tobacco Company and for the 

21 witness, Mr. Strawsburg. 

22 MR. BAILEY: William Bailey, Collier Shannon 

23 Scott, representing RJ Reynolds Tobacco Company. 

24 THE VIDEOGRAPHER: Will the court reporter 
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1 please swear in the witness 


+ * * 


3 Whereupon, STEPHEN R. STRAWSBURG, having been duly 

4 sworn, was examined and testified as follows: 



★ ★ ★ 


EXAMINATION 


B1.MR. CAREERRY: 


« . 

od morning, Mr. Strawsburg. 


ormng. 

earlier; but as I said, my name is Paul 
represent the plaintiffs in the Blue 
ue |$8ljn^ld litigation. 

Imy understanding that you have been 


14 deposed befj f ftjj Let me just cover some ground rules 
lS^^Before we get Started. I will ask you questions. 


ould you pi •: ~' : k e make sure — if at any time any of my 
estions Ire'not easily understood by you or you would 
ike me to clarify something, please let me know and I 
:ill endeavor to do that. 

Since the court reporter is taking down all of 
my questions and all of your responses, please wait 
until I’ve finished the question before you begin your 
answer, and likewise I will try to allow you to finish 
your answer before I ask my next question. 



17 

1 

1 

20 

21 

22 

23 

24 
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\ 


1 Also, please be sure that all of your 

2 responses are verbal so that the court reporter can 

3 take down your answer, rather than a nod of the head. 

4 A. All right. 

Q. Throughout my questioning counsel may 

pterpose objections to some of my questions. Please 
How Mr. S^hroeder to make his objection before 


eginnxng |ou^ answer, 
A. Al#ltght. 



10 


I^L^ice president of public issues at the RJ 
eynolds Tt 



Q- Could you please just state your name 

the rec ^^ .gain. 

M]p%ame is Stephen R. Strawsburg. 

Q. Akdss?what is your current occupation? 

A. 

! 1 

o Company. 

Q. 0 § y t Just as — by way of a little 
ackground, you attended Oakwood High School in Dayton 
phio, is that correct? 

A. That is correct. 

Q. And then you received a bachelor of arts in 
economics from Washington Lee University in 1976? 

A. That is correct. 

Q. After that you pursued a master of management 
24 from the Kellogg Graduate School of Management at 

http://legacy.library.ucsf.ecfic(tid^q®i^DaO'43d^w.industrydocuments.ucsf.edu/docs/zxgl0001 


U 

li 

20 

21 

22 
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7 

1 Northwestern and received that degree in 1978, correct? 

2 A. Yes. 

3 Q. Since you received your master of management. 



1 20 Leadership in Greensboro. Various seminars within the 
21 company, training kind of sessions on things like 
22 decision-making skills, using -- I think one was on 
23 management by objectives, or MBO 1 s, those types of 
24 things. I can't recall all of them, but those kind of 
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1 experiences. 

2 Q. You began your employment at R.J. Reynolds 

3 Tobacco Company, and for ease of use I'm going to 

4 abbreviate that to R.J.R., if that’s okay with you? 

T" \ 

W 1 

? A. That’s fine with me. 

Q. If at any name you don't understand who I mean 
hen I say SjR.J.R.", please ask me to clarify. 

A. Al? 

Q. Yc 


? 



10 of 1978, i 
11^ i A. Tlfalf^i correct. 


^ r^ght. 

gan your employment with R.J.R. in July 
correct? 




V ■ Hatnyou held any full-time employment 



ositions 


e that time? 




A. 


s# 


had worked summers, you know, between 





If 

1 ! 


ollege yeaxs,.,,#nd grad school years, but, no, I had not 
a fullflfli job. 

Q. Your first job with R.J.R. was as a marketing 
ssistant in the brand management department, correct? 
A. That's correct. 


20 Q. And briefly could you describe what your 

21 duties and responsibilities were in that position? 

22 A. The marketing assistant position was a 

23 position that reported up to a brand manager. And it 

24 depended on the brand manager and the brand that one 

http://legacy.library.ucsf.e(Si^id^tei(W^iO/^nzi*/w.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3519 



Strawsburg - Confidential 


1 

2 

3 

4 
f5 

rs 




ianac 



1 ' 

1J 

II 


1 
1 
20 
21 
22 

23 

24 



worked on, or number of brands one worked on, but the 
duties generally involved budget administration for the 
marketing budget, budget balancing and working through 
the numbers, if you will, month in, month out; and then 
pften some assignments related to working on the 
marketing mix variables for a brand, could have been 
ome assignments working on advertising development in 
onjunctiopiwTth the brand team and the brand manager, 
romotion development and execution, other marketing 
ind of pr^^^as, potentially packaging development. 

depended on the brand and the brand 
set and the brand manager's team that 
e had/ thl b or she had to work on the brand. But 

i 

it was gen|p^ly those type of assisting in the 
arketing tTcTlyities of a brand. 

Q, AgJJou held that position from July of 1978 
mid correct? 

A. I believe I was a marketing assistant during 
out that time period. I know I started in July 
of r 78. I cannot remember the exact date when I got 
promoted to assistant marketing manager, or assistant 
brand manager is what we called it, I believe it was 
somewhere in 1980. 

Q. Could you briefly describe any change in your 
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10 


1 duties when you assumed the role of assistant brand 

2 manager? 

3 A. The only -- there really wasn't any change in 

4 the type of things you worked on, but you were 


15 






|xpected, because you had been there a year and a half 
nd been promoted, to have more expertise as part of 
e learning curve. 


So; again, as assistant brand manager I would 



1 

1 

1 

11 

1 

1 

20 

21 

22 

23 


^manager, cbrre'pt? 


budgets, perhaps worked as part of a 
j.sing development for a brand, perhaps 
with promotion development, maybe 
opment on some of the brands, a variety 
i marketing type activities like that, 
en in mid 1984 you became a senior brand 


A.' IpiMd 1984, yes. 

Q. HovPc&Ld your duties and responsibilities 

iffer in that position from your previous position? 

A. In fairness, if I could, there's a gap between 
those years. 

Q. Please fill that gap in. 

A. I was assistant brand manager from about 
mid '80, to, I think it was like the summer of '82, 


24 somewhere in that range, it may have been early '82, 
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11 


1 something like that. I was promoted to brand manager 

2 in 1982, and I was a brand manager assigned to the More 

3 brand from 1982 — from about mid ’82 to mid '84. 


4 

ir 


And then to pick up on your question, you 
|5 ^sked about in 1984 I was promoted to senior brand 

panager, and so from '84 on to '87 I was a senior brand 
anager. 






'X, 


Scp^'in 'answering your question as a senior 


irand mana 




the difference between senior brand 



K 


14 



anager ana assistant brand manager, which is where 

left oififlp^ould have been essentially as a senior 
Inagp^ you have much more responsibility and 
ccountabi^^ for the development of the marketing mix 
ariables brand, or brands, depending on what your 

issignment[was) 

de of your responsibilities, obviously, 

| 

as to helpTehd and direct your assistants in the 
1 ^day-to-day activities, marketing activities, of the 
ISl^rand. So that was the primary difference, is as a 

20 manager you were more responsible for the direction and 

21 setting of the goals and action plans for your brand 

22 marketing team. 

23 Q. You used the phrase "marketing mix variables" 

24 just before- Can you explain a little bit about what 

http://legacy.library.ucsf.e^ticK^q®iTI?M/|acMrw.industrydocuments. ucsf.edu/docs/zxgl0001 
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12 


1 

2 

3 

4 




10 
11 
i 1 
i 

14 

15 


fNX-. 


you mean, by that? 

A. Yes. When I was at Northwestern, the Kellogg 
Graduate School of Management at Northwestern 
University, I was a marketing major, and we had a 

er of professors in marketing who taught us and 
to us about the marketing mix variables. We 
bed to refer to them at Northwestern as the four P’s. 


le four P 1 are sort of broad categories of 


Activities they're price, promotion, place, and 

product, okppbsf When I speak of the marketing mix 
y^riaijj>les, ^h|a^’s what I’m speaking about, is those 
road^liktedXies of elements, if you will, that make up 


li 

1 ! 

20 

21 

22 

23 


brand, i£§|pA will. 

Q. Getting back to your employment 

istory, s o....Ini 198 4 you became a senior brand manager? 
A. . 

Q. And then in 1987 you became director of new 
roduct technologies for R.J. Reynolds Tobacco 
velopment Corporation, is that correct? 

A. Yes, sir. I’m sorry to have interrupted you. 
Q. That's fine. 

A. From '84 to '87 I was senior brand manager on 
the Salem brand. About mid '87 to mid '89 I was 


24 director of new technology with the R.J. Reynolds 
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1 Product Development Company. 

2 Q. What were your duties and responsibilities in 

3 that position? 

4 A. I was brought into the R.J. Reynolds Tobacco 

T' \ 

(5 development Company to help in the development of new 
products, essentially, new cigarette brand products. 

And by way of overview, at that time, in 1987, 







he companjpwaS well into the development of what 

ecame the y^gahiere cigarette brand that was 

* 

ntroduced ^J^b elieve in 1988, late '88, somewhere in 
at time iPpilb. Anyways, in '87 when I was brought 
into d eve lopment company, while my primary 





assignment i^wasi to help lead, with efforts working with 
h lot of people, to develop additional new 

'cigarette ^ra^is out of the development company area, 
‘that could^^lude brands that — both heated tobacco 
as well asNscmfe brands that burn tobacco . So I 


1^basically worked in the new brand development area, 
loosely with colleagues at R&D, and, of course, other 

20 colleagues within the R.J. Reynolds Tobacco Development 

21 Company. That was my primary assignment over the 

22 two-year period and primary things I worked on. 

23 In addition, I did some competitive, what I 

24 will refer to as competitive tracking, which is nothing 

I 
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1 more than keeping abreast of what our competitors were 

2 doing in the area of new product development, very 

3 standard procedure for a marketing group to do. 

4 So I tried to keep abreast of what was 

? 5 happening out there by reading the trade press, by 


looking -- you know, reading the papers, receiving 
information from other individuals in the tobacco 
Company reia€ile to what they were seeing in the 



Jiarketpli 


& well as I tried to keep abreast. 


ilthough iiPw^ challenging, keep abreast of patent 


was being issued out of patent 


>f fi dat&i in ’ Jpi eT* area of cigarette technology 




nnovationS. So I was broadly familiar with those 


;ubject ar 


# I would have worked as well during 

riLhat time to some degree, but not a lot, to some 

degree on of the product modifications that were 

envisioned for Premiere, product improvements, where we 

%ere trying to improve some of the taste features of 

sissl 

Premiere, and really, at the end, consumer 
acceptability, adult smoker acceptability of the 
Premiere product. 

And also during that time period there were 
probably one or two project kind of things I may have 
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1 done. I don't recall any real specifics. I think I 

2 helped out once or twice on some international issues, 

3 but it was rather minor, and that was because I, 

4 frankly, had some time on my hands during that time 

\ 

5 .period. 


Q. What was your next position -- withdrawn. 

■ter you worked for R.J. Reynolds Tobacco 




L8 ‘Development Corp. , did you return to R.J.R.? 


A. 



In mid summer of 1989, probably late 
bned to R.J. Reynolds Tobacco Company and 


16 summer, I 

given CHp^ssigriment of a brand business unit head. 



ed as senior director. And I continued as 
a brand bu kagaaga bs unit head from, and let 1 s call it end 

to about mid year 1995. Excuse me. 

Ik™ #rry, were you finished? 


Q. What were your duties and responsibilities as 
lSLwa brand business unit head? Is that the correct term? 


Ipbwiii A. Yes. As a brand business unit head, my 

20 responsibilities including -- included helping to 

21 direct the team of individuals who would develop the 

22 marketing plans and the activities for the setup brands 

23 that I was responsible for over that time period. That 

24 was my primary role as the team leader, if you will, 
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1 

2 

3 

4 


and. that' s what I fundamentally did. 

I also helped, obviously, as part of the team, 
give guidance and counsel and advice and coaching and 
motivation to the team members to, you know, do good 
Marketing work, if you will. 

s|| But that's the primary role of a brand 

usiness ugit head during that time period when I was 
p that position at Reynolds. 

Q. H^WUlat changed? 

A. I tfesasr# not been a brand business unit head 


ce presi 



lo 


llpp*' since 1995; -fc, I can't speak from current experience, 
nd #WSuldi^t want to speculate. 

Q. S gaffed me in the early 1990's you were made a 

correct? 

A. T’m embarrassed to say, but it was -- I 

ant to was '92 or '93, it is somewhere right 

in the middle of there. 

Q. In mid 1995 you became senior director of the 
blic affairs department, is that correct? 

A. Yes. I was named as senior director in the 

21 external relations department, and I believe I was 

22 actually in the public affairs subgroup of external 

23 relations. And, yes, so it was about mid 1995. 

24 Q. What were your duties and responsibilities in 

http://legacy.library.ucsf.ecfii^id^tei0vf^fi0/|9BiJvw.industrydocuments.ucsf.edu/docs/zxgl0001 
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17 


1 

2 

3 

4 


that position? 

A. I started out working with individuals in the 
department and providing some guidance in terms of how 
to continue some consumer research that we had underway 


bils 

Sr* 

L 


s 

Jjh 


iiR 1 

D 

£ 


and had been doing for years. 

Essentially one of the things that our company 
elieved w^needed to do was look at and understand 
ublic issues ^.from the public's eye and to ensure that 
e understd^H§P|ully what not only our smokers felt 
10 about what call the broad set of public issues 

sQrroundin| tobacco company and tobacco industry, 

ut ti^nonsmoking public. 

S<§pili^as involved in helping develop and 
xecute reptaxph instruments, primarily polling kind of 

nstruments. T .where we worked with an outside supplier 

nd would ^Wpestions of the adult public on various 
obacco issues to understand where the adult public 
as. That was the primary thing I started out doing, 

I did that for several years and really was 

20 assisting on that. 

21 I also did some work on the Eclipse brand. 

22 And the Eclipse brand was being prepared for 

23 introduction in, I believe it was 1995, r 96, right 

24 about that time period, and I was asked to help develop 
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1 a plan where we could provide to the public, and 

2 particularly reporters, a town hall kind of setting 

3 where the Eclipse product could be demonstrated, shown 

4 to these people, the facts about the product presented 

T X 

j:o these people and for the individuals to have an 

pportunity to ask questions and be given answers. So 
iE helped develop a way to do that. We called it a town 


*8 hall format. And so I was involved With that. 

• r - 

1 m f ""T" ; 


$:' A ' 


ones, but 
&nd of th 



n I recall, I can't recall the exact 
was a project here, a project there 
The fellow I worked for during that 
ery much wanted me to do -- asked me to do 
hings fro i^fei ne to time for him, departmental things, 


:ime 





jbviously, |||||'a^t I would help out on. I can't really 



things 


^recall specifier ones, but I worked on those kinds of 

basically what I started out doing. 

Q. And y’ou were named vice president of public 
ssues in the spring of 1999, correct? 

A. Yes, in the spring of 1999 I was named vice 
20 president of public issues. 

i 

! 

■' 21 Q. And what are your duties and responsibili ties 

i 

i 22 in that position? 

i 

23 A. I have one primary duty, and then there's two 

{ 

24 other things I also do. My primary duty is to continue 

j 
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1 to build and drive and execute and implement the youth 

2 nonsmoking programs that Reynolds Tobacco Company has 

3 had in place for a number of years, and that is my 

4 primary job, my primary responsibility. And I’m 
riously deeply involved in that and work -- that's 

Mostly what I do. And I work with a team of people on 
?that sub je04^ area . 

I have some subsidiary duties where I 


lave respons^foility for what we call local government 




relations, let me kind of help out on defining 

I 

l&cal . . WhsTtjPwe mean by that is Forsyth County, which 




s th! s * s bou:gi*i^ we're in here, and the surrounding 

# bid 

ounties we have facilities and/or relationships, 

uch as Su if y County. Stokes County, Yadkin County, 
avie Count y, ..W hich are kind of the perimeter counties 
round heri^Wiiat was something that X had picked up 
efore being promoted to vice president. That was one 
f those projects I kind of mentioned to you. And so I 
d been working on that for I think six months or a 

20 year, somewhere in that range. 

21 And what that involves is essentially 

22 interfacing with local government officials to 

23 understand any -- to clarify or resolve any issues that 

24 may come up, and it ranges from things like zoning 
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issues to kind of anything that might come up when you 

have a facility or an office or a building in a 
locality., And we have very good relations, obviously, 
with the local government, elected officials. So that 
Vas one thing I was doing. 

The other subsidiary activity I engage in is 
'what I refer to as economic development advocacy. I 

K 

Represent dbr company on the Winston-Salem Chamber of 


fommerce b<j 


>n the Pie<; 


’he Piedmoi 


levelopmen 



LUthdrity 


of directors . I represent our company 
: Triad Partnership board of directors. 
‘iad Partnership is an economic 
;hority, a regional economic development 


N was started by the State of North 


“Carolina aland with another — a number of these in the 

# : 

Jbtate backr^iselieve in the late '80's, and we've been 


member o 




ticipant in that. I'm also a board 
- a member of the Downtown Development 


Corporation, which is a local group of community 
leaders who work, on downtown revitalization issues here 


20 in Winston-Salem. 

21 So I do a lot of work in the area of -- to the 

22 degree I work in the area, I do a lot of work on 

23 helping the community determine and work towards 

24 growth, positive economic growth and -- that will 
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1 provide jobs and opportunities for individuals in our 

2 community. 

3 Q. Now, you said that your local government 

4 relations duties were sort of holdovers from your 

\ 

(5 Earlier position as senior director of public affairs. 


PS correct? 


A. 

Q- 



Correct. 

Fv 



ybur new duties regarding the youth 

T'- 

moking programs in addition to the duties that you 


reviously 


msw 



as senior director? 

DER: Objection to form. You can 


ITNESS : I'm - - 


CHROEDER: I object to the form. He 


lBss^balled it youtSh smoking programs , as opposed to youth 
ll^4ionsmokingb ^efe rams. Apart from that, you may answer. 

mIFt^BaRBE RRY : Forgive me, youth nonsmoking 

rograms. 

THE WITNESS: Could you restate the question, 

20 please. 

21 MR. CARBERRY: Can you read it back, please. 

22 (Whereupon, the court reporter read back the previous 

23 question.) 

24 THE WITNESS: Yes. 
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BY MR. CARBERRY: 

Q. Part of those -- in describing those duties 
you said that you were involved with polling adult 
smokers on various public issues regarding tobacco, 

Correct? 

W 

A. Could you clarify? I didn't understand which 
uties you.were referring to. 


Q • 


describing your duties as senior director 



r“ 


public you said you were involved with some 


oiling activities, is that correct? 
A. 


Ypipisyes. Prior to my being promoted to vice 

res^^it ^Jpliblic issues and being involved with the 

i'l._|| 

non 5-- "directly involved with the youth 


ions 




grams 



Q. I; takp it from your answer that you're no 
onger inv olv ed in polling activities on behalf of 
. J . R . ? 


1^’ A. I'm sorry to interrupt you. I am no longer 

ljP^^volved in directing or working with polling 

20 activities on public issues. I from time to time am 

21 aware of polling activities that we might do and that 

22 sort of thing, but I am not directing or driving it 

23 anymore. 

24 Q. The polling activities that you were involved 
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1 with as senior director of public affairs, you 

2 mentioned that they were polling activities involving 

3 adult smokers, is that correct? 

4 A. I mentioned that -- I believe what I said is I 
; !? l believe they were both adult smokers and adults. 



Q. 

A. 

Q. 

A. 

Q. 


Meaning adult nonsmokers? 
All adults. 

:t. 


jP" 

Si&cw&ers and nonsmokers 





Dj^ilihy of your previous positions, prior to 
at R.J.R. specifically involve youth 


Did any of those polling activities 
volve yo\|Wp^inokers or nonsmokers? 

§ recollection, we didn't poll anyone 

nder the £qe*T>f 18. 

Q 

pring of 1 

j 

onsznokingjj 

HROEDER: Objection to form. You can 

answer the question. 

THE WITNESS: Could you just read it back to 

20 me, please. 

21 (Whereupon, the court reporter read back the previous 

22 question.) 

23 THE WITNESS: As an employee of the company 

24 and as a member of the marketing department, I was 
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1 aware of our youth nonsmoking programs and supportive 

2 of our youth nonsmoking programs; and in that regard, 

3 yes, I was involved. We’re all involved in the effort 

4 against preventing kids from smoking, or preventing 

7 ~ \ 

U? Jr^-ds from smoking. But I was not directly responsible 
kfeiw.v-for development or execution of youth nonsmoking 


rograms p^.r se 



v* 


[8 


f 


Bl 







111 


. CARBERRY: 

S 

Q. discussed earlier, you were deposed in 

I 

the Andersse up in New York, correct? 

A. correct. 

you ever testify at trial in that case? 
A. IkdLicl not. 


Q. 


Hi 


1 


[jou ever testified at trial in any 


15^*smoking and health litigation? 


N 


have not. 


17^% Q- Have you ever been deposed in any smoking and 

bpr 

1^health litigation aside from the Anderson case? 
l £Sb A. No, I have not. 

20 Q. I'm going to show you that which has been 

21 marked as Strawsburg Exhibit 1. 

22 MR. SCHROEDER: Thank you. 

23 MS. PERRY: Thanks. 


24 


BY MR. CARBERRY: 
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1 Q . Have you ever seen this document before? 

2 Please take a moment to take a look at it. 

3 A. (Reviewing.) 

4 THE VIDEOGRAPHER: Counsel, could we go off 
1|he record for a moment? 

MR. CARBERRY: Sure. 


25 


0 : 12 . 


9 


THE VIDEOGRAPHER: We're off the record at 

K. 


r” 



B 


Q. ' MfT 



jf-the-record discussion.) 
TI^^^^IDEOGRAPHER: We’re on the record at 

11^.0:13. jiipij 

kisJwl 

CARBERRY: 

rawsburg, have you had an opportunity to 
ook at thi gp^ ocument? 

A. Y^T^f have. 

Q. ever seen this before? 

A. have not. 

Q. Are you at all familiar with any of the claims 
r allegations involving the Blue Cross and Blue Shield 



1 

1 

1 

p 

1 

1 

1 

20 case? 

21 MR. SCHROEDER: Objection to form. You can 

22 answer. 

23 THE WITNESS: I'm broadly familiar with the 
2 4 claims. 
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1 BY MR. CARBERRY: 

2 Q. If you'll turn to Page 3 of this document you 

3 will see a Schedule A. 

4 MR. SCHROEDER: Let me, for the record, just 
jjj jftate that you've got attached here a schedule which 
^appears to be a -- some type of request for documents, 

L ’ 

7 although Strawsburg, as you know, is a fact witness 

18 in this ca^, and the appropriate way to seek documents 


Jk^ ould have 
iO through a ] 
ll^rftcruest. 



I, from the company, would have been 
134 request, so we object to this 


I An tell you, though, that he has no — I 
f y^l iave revie Vaad^ his with him -- he has no curriculum 
l4^j#'itae. And^liatever files or records he would have had 
15'® ss would be those!which are already on the exhibit lists 



in this ca|;^ 
MR. 


:RRY; Thank you . That answers my 


lestions, then. 

MR. SCHROEDER: I don't know if that clarifies 


20 

it for you. 



21 

MR. 

CARBERRY: 

That answers all of 

22 

questions on 

that, then 

• 

23 

MR. 

SCHROEDER: 

Okay. 

24 

MR. 

CARBERRY: 

You can keep that. 
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1 

2 

3 

4 

f 

15 


BY MR. CARBERRY: 

Q. When did R.J.R. first institute a youth 
nonsmoking program? 

A. To my knowledge, R.J. Reynolds Tobacco 

\ 

JSompany, the programs that I currently work on, began 

j.n the early 1990's, and the programs that I am 

=1 

deferring tp are the Right Decisions Right Now program 


and the Weak Heart program. Those are the two primary 







rk on. They began development, I believe 

4 

91 time frame and began execution in the 
frame, those particular youth 


nes that 
in the 199( 

91, 1992J 

ng ^o grams . 

Q. to the early 19 90' s, did R.J.R. have any 

lather yout t^^ifi smoking programs? 

A. Priori to — what was the time period? 


URT PIE PORTER: Prior to the early 


s . 



13£_ ; THE WITNESS: Early 1990's. R.J.R. as a 

1 <L.,.,&ember of The Tobacco Institute, The Tobacco Institute 

20 had put out, I believe one or two, several booklets on 

21 helping parents, providing parents with help and skills 

22 on, excuse me, preventing kids from smoking. So as a 

23 member of The Tobacco Institute, we would have been 

24 part of that, or supportive of that. 
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1 Beyond that we had g-uiding company philosophy 

2 and understanding that we did not market to anyone 

3 underage and that guided that -- that principle guided 

4 our actions as a company and was embedded and viewed in 

\ 

|5 bur attitudes, our philosophies, and our approach to 


F 


life 



1 

1 

1 

1 

20 

21 

22 

23 

24 


:he business. 



We N also adhered to a cigarette industry 




advertising code that had a variety of stipulations 

■T" 

elative tifiii^fcing sure that we weren't inadvertently 


Oka^fT' First of all, what was the time frame 


arketing • ^.^oh ildren or underage adults. 

S ^ s, in that regard we were involved with 

rev^»ng^.ds from smoking. 

# pMsf LssXw 

BtjS CARBERRY: 

Q • 

n those T^bacjpo Institute materials? 

A. to say late ' 80 ’ s , is what I recall. I 

can't pin ^^bwn to an exact date, but somewhere in 

r 

the late '80's range, mid to late '80's, perhaps. 

Q. But — 

MR. SCHROEDER: Excuse me. Do you know or -- 
I don't want you to speculate. 

THE WITNESS: That was just speculation. 

MR. SCHROEDER: I don’t want you to 
speculate. If you know, you can answer his question as 
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1 

2 

3 



1 

1 

1 

p 

1 

1 

1 

20 

21 

22 

23 

24 


29 





to — he wants to know what you know. 

THE WITNESS: Oh. I'm pretty certain it was 
the late 1 80’s. 

BY MR. CARBERRY: 

\ 

I Q. Now, aside from these Tobacco Institute 

W 

materials or any other activities of The Tobacco 

■1= 

Institute,^R.J. Reynolds Tobacco Company had no youth 
onsmoking|^6*grams prior to 1990, is that your 

, . , i * 

nderstanda 

JCHROEDER: Objection to form. You can 


swer . 

sStsSss J 

TNESS: The — when you say "youth 

rams,” we did not have, to my 
ecollectic ^prior to 1990, I think you said, we did 


onsmoking: 




ot have tfce“''We Card program or the Right Decisions 
ight Now program; but as I believe I indicated in my 
arlier an^^, the company's guidelines and attitude 
and philosophy was clearly that we don't want kids to 

moke, and we had a number of internal policies and 

§f 

actions that we adhered to to prevent us from 
inadvertently marketing to kids. And I briefly 
described some of those. Essentially they were 
policies and procedures that were in place the whole 
time I was with the company, beginning in 1978. 
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1 BY MR. CARBERRY: 

2 Q. Let me just interject, because I think my 

3 question is maybe a little bit more nuisanced. Putting 

4 aside any internal philosophies or internal guidelines 
: '5 |md putting aside R.J.R.’s adherence to the cigarette 
: "6 advertising code, prior to 19 90 did R.J. Reynolds 

obacco Company have any specific youth nonsmoking 

rogram, tp^your knowledge? 

! 

JZHROEDER: Objection to form. You can 

nswer. 

SS: I can’t recall any right now. 

ye been some programs, I guess -- I think 
e ran somFaos , the company ran some ads in -- 





Isometime 1 



ie 1980’s that stated that as a company we 


22 


>n’t want^ki^s to smoke, stating our position on that, 
I wnui a^ guess I would consider those a program, 
^if you wil^^^ 

I’m trying to answer your -- you use the word 
>rogram," so I guess you could characterize that as a 
program. I can’t remember the specific time frame, 
but — 

BY MR. CARBERRY: 


23 Q. You earlier testified — 

24 A. And there may have been some others I'm just 
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1 not aware of. 

2 Q. You earlier testified that in your current 

3 position you supervise a team in your work with the 

4 R.J.R. youth nonsmoking programs, is that correct? 

F 5 ' \ 


r 


&.V 




? .v" A. Yes , I do . I supervise a team of individuals 
^tnd outside consultants and suppliers. 

Q. How many individuals are on that team? 

A. Le^t me answer your question in parts. 

FV s 

irectly riipiPiting to me is one individual , who also 
as an ind la^^ ual who works with her, so there's three 
us in t^^fenston-Salem office who are directly 
invoJWtid wfc that activity, the youth nonsmoking 
kctivitiesb 


W: 



jp the company there are a number of 





eople who:., help us out, and so they are part of the 
team. Andp^pl§y range from people who -- in the 
l^iSsphipping d^^Stment, who help us ship materials to 
l^various locations , to people in the information 
l fice sources department who help us put together a web 

20 site, to people in accounting and finance who help us 

21 manage the budgets and keep track of that. 

22 It would be -- I would really have to 

23 speculate on the number of people within the company 

24 who help us, but it is a good substantial number of 
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people, because it is a very important program, and we 
require and rely on a lot of their expertise and help 
in various facets of implementing the program. So 
there's a variety of people who are involved. 

5 # Outside of R.J. Reynolds Tobacco Company, we 


|ork with several different suppliers . We have 



(uppliers 


are involved with the printing and 


j.stributipp o^, materials. We have suppliers who help 


is in the development of materials and programs . 


k with the We Card coalition, which is a 


bup effort ton the part of the tobacco companies and 


maj pp re tard: Itrade associations. So there is a number 



if people i 


art of th 



^.VVVVNVi.VO,,, , 



o me or w< 


oalition. 


with that. I consider them to be 


to, although they don't directly report 
lif you will, for me. They work for the 
ire's a lot of people involved with that 


fort of providing training to retailers. We've got 
l ^^t rainers . We've got people who distribute the kits to 
1 g iwiife-M e retail environment. It is a lot of people. 

20 So I can't -- I can't come up with a precise 

21 number for you of the number of people who are involved 

22 in what I would consider to be the total team effort 

23 for Reynolds Tobacco Company youth nonsmoking programs 

24 and our involvement in programs, but it is going to be 
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1 in the range of probably 40, 60, 80, somewhere in that 

2 kind of range. If I were to sit down and try to put 

3 all of the names down and come up with it, it’s 

4 probably somewhere in that range, kind of anywhere in 
O h at range, a goodly number of people. 

fS Q. The one person who directly reports to you, 

^^ |re their -- are R.J.R.'s youth nonsmoking programs 
^^Iheir sole and responsibility as an employee at 

Jtf. J . P.. ? 


A. Y esi^ The one person who reports to me, that 


what sh#ipss4s • She works on those programs with 

, tfe^rh are -- she also, I think, helps out on 



e or tworsort of volunteer activities within the 


;ompany, b ijUas^ hat ’ s pretty common. We're all involved 




n things 6uts|.de of our direct accountability. 

Q. Sigada|sjarly, the one person who directly reports 


to her, is ; cBat person s sole duty and responsibility 
^Involved with R.J.R.’s youth nonsmoking programs? 

I ; A. Let me clarify that for the record, though. 


20 That person actually doesn't report directly to her. 

21 That person is a secretary, administrative assistant, 

22 reports to a manager, a different manager, but she 

23 works very closely with my manager in the distribution 

24 of materials and providing secretarial services, 


http://legacy.library.ucsf.ed iStid/j4^0Td()piQ^|6yiww.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3544 



Strawsburg - Confidential 


34 


S?" 




1 acJministrative services for my manager. So in terns of 

2 reporting relationship, she actually reports to a 

3 person who sits in the office right next door. 

4 Q. Just for clarity's sake, who is the person who 
irectly reports to you? 

A. Carolyn Brinkley. 

Q. A$d what is the name of the secretary or 


dministrauve assistant who works with Ms. Brinkley? 



Goodman. 


|from yourself, Ms. Brinkley, and 
ape there any other R.J.R. employees whose 
responsibilities are involved with the 
nsmoking programs? 

HROEDER: Object to form. You can 

nswer. 

TNESS: I do not think or can't come up 

anybody whose sole responsibility, other than 
yself, Carolyn, and Glenda, who is -- that’s not her 
le responsibility, to be clear, but I can't come up 
with anybody else whose sole responsibility is our 

21 youth nonsmoking programs, let me add, within R.J. 

22 Reynolds Tobacco Company. 

23 There are people that we work with outside of 

24 the company, for instance, the executive director of 
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the We Card coalition, who X would consider to be fully 
employed or his sole responsibility is essentially 
directing the activities of our training program there 
to prevent the sale of cigarettes to underage kids, so 
would consider him, I think that's all he does, I 
ould consider him to be, you know, solely directed 

owards tha-t activity. But he is not an employee of 

yggpif 

he compan^.. ,..S o if that helps -- 

CARBERRY: 


Q- 


rstand 



A. to leave the door open for those kind 

f ^^SjLe • $ion' t want to inadvertently exclude those 

ind of pe^ 


Q- 



prstand. Could you please give me 


;y.VV.V*VL\\ ( 





rief over^^ of the Right Decisions Right Now 
rogram? does it do? 

A. Yes. I’ll give you -- you've asked for a 
rief overview. I will try to give you sort of a 
umbnail sketch. 

Q. Thank you. 

MR. SCHROEDER: I do think this is one of the 


22 ones that was probably covered in the Anderson 

23 deposition. You are allowed to go ahead and give a 

24 brief overview, keeping in mind that I think we've 
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1 

2 

3 

4 




covered, this ground before, okay? 

THE WITNESS; Okay, The program that I refer 
to as Right Decisions Right Now, I mentioned earlier 
was under development in the early 1990's and began 
eally execution in, I believe the 1992 time period, 
oughly 1992. 

A^d the Right Decisions Right Now program is. 


.^in its simplest form, designed to provide resources to 


teachers ai 


10 equip kids| 

1 






ucators and to parents to help them 
the skills to prevent those kids from 
oosing tpjsmpke. 

N#&, the -- one part of the Right Decisions 


13 .-light Now 


junior and 






^future pri’i 


that can b 



|ram involves providing materials to 
le public high schools, and in the 
schools as well, providing materials 
d in the classroom, as well as in the 
setting, as tools to help kids be taught or 
each kids how to prevent them from smoking. 

We have what we call curriculum units or study 

20 guides that are provided to the school systems, the 

j 

21 public middle and junior high school systems. And 

22 these curriculum units are designed for the teacher to 

I 

; 23 be able to use and adapt a curriculum into the 

24 classroom to teach various appropriate skills such as 
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1 

2 
3 


(5 


16 




how to make good decisions, how to assess the 
consequences of decisions. There's one on values and 
the development of values. There's one on 

responsibility. There's one on conflict resolution, 

\ 

|ne on refusal techniques, how to resist peer influence 
nd peer pressures. 

These six curriculum units and study guides 

are made scalable free of charge to the school systems 

w \ T ! 

around the ^^S^try. And they are used within the 
Ichool sys^§j|y and adapted according to the needs of 
e schoolP 



em. 


nd we hav 


so provide to the school systems posters, 
r a dozen posters at this time. And the 




14Qu|bosters ar aj$q% pictions of situations that — with the 




15 




essage that' sjdelivered that reinforce that smoking is 
ot cool , not for adolescents , and basically the 

osters challenge any notions that kids might have, 
unfortunate notations that smoking is either a way to 
accepted or that everybody smokes or that a lot of 

20 their peers smoke. These posters directly challenge 

21 those unfortunate notations that kids have. So they 

22 work hand in hand with the curriculum units in 

23 providing a visual reminder and appropriate format, I 

24 think, to kids to net smoke, to choose not to smoke. 
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1 We also have provided to the school systems a 

2 videotape, a 15-minute youth nonsmoking video, is what 

3 I refer to it as, that features Brittany Murphy as kind 

4 of a moderator, and that tape, real thumbnail, but that 
J5....J tape demonstrates kids making the wrong decision to 
l^^smoke and then how they choose to come to the right 
%^|faecision pg not smoke. And it is a helpful interactive 




ijcind of tool ^or teachers to use in the classroom. 

f f -T" ) 

* S^%ffe guts of the program, on one hand. Right 


10 Decisions 


terials 



tit Now program, is to provide these 

the schools, public middle and junior high 


schooTs ir#%his country free of charge 


i*3l# and then 


gve traditionally mailed one study guide 
p of three or four posters in the spring 


1 .JSL and then a no ther study guide and a set of posters in 



^the fall, the intent has been that over a 

^three-year time period a school would basically receive 

r ; 

^pretty much all of the posters and all of the study 

% 

guides . Of course, they could write in and get any of 


20 it free of charge at any time if they wanted, and some 

21 of them do, many of them do, so they would have these 

22 materials over that time period. 

23 I should back up and say that the materials 

24 were essentially designed to reach primarily an 
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1 audience of 12- to 15-year-old middle school students. 

2 That doesn't mean that they can't be used with students 

3 older or younger than that. I'm sure they would work 

4 just fine. But they were primarily designed for that 


|roup 


And so as a result by having the materials 


l^^jkvailable over three years, the six study guides, a 
8 12-year-oldFshould be exposed, if they're using the 


laterials, 


r- ^ 
f T" 1 


be exposed to really all six of the 


study guides and most of the posters so that you have a 


ntinuous I 


efully a continuous and repetitive 


effob&isgoion in the school systems to constantly put 


S*P^fthese effo|y^^Ln front of the children. 

l<y T^a'€^s thumbnail of the in-school program. 

l^^There are a few other things that we do and have done, 



‘but that's! 


guts of it. 


lisa**. Relative to parents , I mentioned that we want 

1§ ; jto provide support to parents . We have three brochures 


lElllpi booklets that speak directly to the issue of, 

20 unfortunate issue of kids smoking, and two of the 

21 papers -- two of the brochures are about tobacco use. 

22 One is called How To Talk To Your Kids About Not 

23 Smoking Even If You Do, and another is called Tobacco: 

24 Helping Your Child Say No. 
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And I will paraphrase, I won't get all of it, 
but I will paraphrase what's in those booklets. What 
they do is they, first and foremost, give a parent a 
place to go and read and understand about the youth 
Nonsmoking issue, why kids might choose to smoke, and 
.provide tips and hints and helpful tools as to how to. 


ork with their kids and coach their kids to choose not 



to smoke, 


o avoid ol 


also to choose to make good decisions and 

1 

|| misbehaviors as well, although the focus 


s on not $ malting . 


If the things that are stressed, or that 


W- 

.s sIp&fKSseedin' the booklets is the importance of 



parents be ^pg^J i-nvolved with their kids, taking an 
|active rol^^ helping their kids avoid these bad 
^decisions ,^TF^ou will. And they emphasize that 
^parents ca|fe|§gga 11 y make a difference, which they can, 


in preventing'^these kind of misbehaviors by kids. 

> 

Those two booklets that I'm referring to also 
•speak to -- give a little overview of peer pressure and 
peer influence, which are really the key drivers, from 
most of the research, as to unfortunately why sortie kids 
choose to smoke so that parents have a little bit of 
understanding of that, although they probably have a 
very good understending of it. 
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1 So those booklets are designed to help a 

2 parent speak directly to their kid and work with their 

3 kid to make the decision not to smoke. 

4 The booklets also refer to the health risks 

F" \ 

a^id encourage and insist that parents make sure that 
eir kids are aware of the health risks associated 


y 

I- 

8 


iith smoki 


-eally 



f 

5 'V\ 


ir'd booklet is called Choices, and it's 


| to provide kind of an overview of the 


lUJcind of thiinBt parents should look for in terms of what 
e called ImfPff factors and protective factors . 

mb explain. Adolescence is the time of a 
ot of presyi^;^ , a lot of change, a lot of growing up, 

ooklet does is talks about, in that time 



14;;;. and what t 





eriod theire a ire some things called risk factors that 


arents she! 


|be aware of that will tend to, if you 


17^see a lot dirhem, will tend to indicate that your 

W 1 , 

18f child needs some help in preventing misbehaviors. 

For example, one risk factor is age, meaning 

20 the earlier that an individual child might begin to 

21 engage in misbehaviors is an important risk factor. 

22 The earlier the age, the mere likely they are going to 

23 be to continue those behaviors if it is not nipped in 
2 4 the bud. 
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1 

2 

3 

4 

>§ 


re 




i 
i 
i 

p 

i 

i 

i 

20 

21 

22 

23 

24 



Educational attainment is another risk, 
factor. Research tends to show the poorer the 
education attainment, or the less educational 
attainment one child is reaching, kind of having bad 
rades, if you will, the more likely they might be to 
have some misbehavior problems down the road, 
j Peer influence is another risk factor, the 

kind of pe4ru and friends that your children chooses is 

terminant of how they will behave. 
ooklet points out these risk factors, and 
out protective factors. And really it 

ind SiOi f::; bo Us down to, on the protective factors, the 

# piii 

wo key ones a|:e, first and foremost, having and 
eveloping^P^table, loving, caring relationship with 
t least one parent. You have to recognize that there 

|inr 

re many, many single parent families out there, 

and they hUve^-- you know, probably one of the most 

it 

important things you can do with a child is work hard 
Ito have that kind of stable, caring, loving 
relationship with a child. It means so much to them 
and provides the child with a place to go to get good 
advice and counsel and, frankly, to be able to bounce 
off their needs and ideas with their parent as opposed 
to trying to get that information from their peers . 
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One of the other key factors in protecting 
kids from these risky behaviors is kind of giving kids 
or giving kids a sense of hopefulness about the future, 
positive aspects about the future, in a sense that they 
dan be successful and they can achieve what they want. 



When you combine a sense of hopefulness and 
ositive attitude about the future with a stable 


relations 


caring, loving relationship with a 



arent, yoi 


;erms of b« 


^ got a pretty good situation going in 
^ able to probably prevent your kids from 


j. eking up papist of these misbehaviors that 


mfoibunats 


Jy Adolescents participate in. 

^IfelROEDER: Excuse me, is that part of the 


flight Deci: 


Right Now, what you're talking about? 


yWWMw»iWS 



rief th 


of i t. 


T^lyTNESS: Yes. 

Ml|^JSpHROE DER: What he was asking about was a 


of it. I didn't know if that was part 


THE WITNESS: Let me clarify. I was speaking 


20 to what I call the third booklet of the three booklets 

21 that are provided for parents that is part of the Right 

22 Decisions Right Now umbrella program. 

23 MR. SCHROEDER: That's fine, okay. 

24 THE WITNESS: I'm sorry, I lost my train of 
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1 thought in terms of that booklet, so I will just end. it 

2 at that point. But that's the gist of the booklet. 

3 There's other things that are discussed that booklet 

4 and the other ones. I didn’t give you a comprehensive, 

j|r \ 

^J$ut that’s a thumbnail. 


I That’s the core of what I call the Right 

Decisions Right Now program, having those booklets 


tilable for .^adults and then having the curriculum 


r.w-1 


mits and 



osters available for educators. 


the ways we’ve made the booklets 


Unavailable fof adults is we provided them to 



ediaxrici^i^ here in the United States, mailed them to 


ediatrici^^i^ I believe it was in 1999, may have 



>een ’ 93 , 


ave the be 


bility to 


^ believe it was ’99, so that they would 

\ 

lets and know what's in them and have the 


ir more as well, which many of them 


l^^^lid -- when I say "order," they can get them free -- so 
l^^that they can provide them to parents during the 
l^^^-actice to help the parents reinforce the prevention 

20 of smoking among their children. 

21 We also provided the booklets to libraries, 

22 public libraries in the United States, so that they can 

23 be -- oftentimes they’re put in the resource section, I 

24 think it is called the family resource section of the 
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1 

2 

3 


-jt;' 

/ 5 


f6 




family libraries , so that they 1 ire available for lending 

out purposes. 

We also provided the booklets to guidance 
counselors in the public middle and junior high schools 

$o that, there again, a guidance counselor would be 

W 

|iware of the materials and know that if they were 

oaching or counseling a parent, they could provide 

^ . 

hose matei^-ais to the: parent and know where to get 

r~ 

5 | 




ore . 


d in ot 


’ made them available in those fashions, 
s as well. I mean, there have been 


1 

1 

1 

20 

21 

22 


» the3 &PP r ^=^ fes - 

Ialso — as part of Right Decisions 
ight How, ; have a web site that is called right — 

. rightdlTcTi^onsrightnow, all one word, all small, 
t com, aryd^syjt that web site you can go and view the 
aterials frePrlkve available; the posters; the 
curriculum units; some of the public service 
nnouncements, which I will overview for you in a 
minute that we've done over the years; and the 
15-minute youth nonsmoking video that I referred to 
earlier. 


23 You can go to that web site and you can look 

24 at those materials. You can download a form to order 
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1 the materials. And, again, they're all free, send in 

2 the form and we will send the materials back. And I 

3 consider the web site to be part of our Right Decisions 

4 Right Now prograjn. 


(.5 




[ 8 


There also, by the way, on the web site, 

;here's a linkage to the We Card — there's an overview 
|bf the We £ard program and a linkage to the We Card web 


site, whicfrxs a different, separate web site. 

tr- 

1HR0EDER: Mr. Strawsburg, I don’t want 

io cut you^S because I know you're very interested in 



e progri 


Je has asked for a brief thumbnail of the 


ro 


ow we've covered some of this in the 
derson d egcs - l tion, so if you could focus on some of 
he key poi^rs,. If there’s anything he wants to follow 
*up on, he'a frfee to ask. I think the intention of the 

iz 


^question wp^^linb of an overview. So if you want to 
^focus on just a general overview, then he can come back 
plater to any points if he wants more detail, if 
icessary. 


n__ 

20 MR. CARBERRY: I have no problem with your 

21 answer. I think it is very helpful in laying out the 

22 contours of the program. I will be asking some 

23 follow-up questions about this program, so maybe we 

24 should just move on and pick up some other elements as 
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1 we go along. If there's anything else you want to 

2 clarify or interject — 

3 THE WITNESS: As long as I can come back. 

MR. CARBERRY; Absolutely, absolutely. 

MR. SCHROEDER: Is this — we've been at it 

most an hour. Is this a good time to take a comfort 
reak, as we call it? How are you doing? 


MS.. CARBERRY: That's fine. 

r- ^ 
f "Y" J 

Is that all right? 

Sure. It is a good stopping 


4 

W •%•. 

^ I 



10 


K. 


T, 


RRY 


VI GEOGRAPHER: 


We're off the record at 


.0 : 42 . 


V 


($lfck^s 10:42 a.m. to 10:51 a.m.) 

TSE^MCDE OGRAPHE R: We 1 re on the record at 


.0:51. 


BY MR. CARBERRY: 

I w 

j 1 Q. Mr. Strawsburg, you said that the overview, or 

l pbssiteh e objective, of the Right Decisions Right Now program 

20 was to provide resources to teachers, educators, and 

'4 

} 

21 parents to provide kids with skills to choose not to 

22 smoke. Is that an accurate paraphrase of your 

23 testimony? 

24 MR. SCHROEDER: Objection to form. You can go 

5 
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1 ahead. 


THE WITNESS: I think it is, yes, if I'm 


3 hearing it read back by you. 


F" \ 


BY MR. CARBERRY: 

? Q. You said that the materials provided to 
parents is to help them convince or talk to their 


p Children about making the decision not to smoke. Is 


|3 - afe^ iat also an accurate paraphrase? 



position t 


HROEDER: Same objection. 


CARBERRY: 


■ Cqtr|d you please clarify, is it R.J. Reynolds' 


hildren should make a lifelong decision 


14 s ^^hot to smolll-ci? -- that's it. I’m sorry, let me 


rou say that the objective of that 


17^®|program is to provide kids with the skills to choose 



lot to smoke, does that mean choose not to smoke for a 


|fetime? 


A. We do not — 


MR. SCHROEDER: Objection to the form. You 


22 can answer it. Go ahead. 


23 THE WITNESS: Could you repeat the question 

24 back to me, please, Joye. 
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1 (Whereupon, the court reporter read. back, the previous 

2 question.) 

3 THE WITNESS: We do not want kids to smoke, 

4 period, underage kids. Under any circumstances 
whatsoever, we don't want them to smoke, period. 

BY MR. CARBERRY: 

Q. Mj^ question is a little bit different, 

.hough. 

.on' t you 


i* 

m 


en„you say you don't want them to smoke 

rv- i 



you don't want them to smoke until they 


fat? 


1 ' 

1 ! 


HROEDER: Objection. Go ahead. 

WITNESS : Let me restate what I said. We 


Ion' t want^yfe to smoke, period, underage kids 
iatsoever^^ e re is no reason, no excuse, nothing, 


>they shoul 


smoke. 

. CARBERRY: 

Q. And, again, my question is slightly 
ferent. When you say "we," meaning R.J. Reynolds, I 
l ^ias sume, don't want kids to smoke, period, are you 

20 defining the word "kids" to mean everyone under the age 

21 of 18, correct? 

22 A. In that sentence I am defining the word 18 

23 as -- as under 18 or not of the age of majority. It 

24 depends on the state. It might be different on one or 
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1 

2 

3 

4 


■u 


two states. 

Q. So in some cases 19? 

A. Yeah, I think it is 19. 

Q. With that definition of kids in mind, isn't it 
%true that R.J. Reynolds' position could be restated as 
we don’t want anyone under 18 to smoke, correct, or 

..anyone under the age of majority to smoke? 

\ 

A. AL'pos.ition of R.J. Reynolds Tobacco Company 


would be 


ority 


r" 



;we do not want anyone under the age of 


bke. That is one position of R.J 
|co Company. It is not a complete 
wil1 - 

object of the Right Decisions Right Now 
program, e y se me, is that children -- is to provide 
:hildren w&Thrxthe resources to delay making their 


ecision whe^^jer or not to smoke until they turn 18 , 


MR. SCHROEDER: Objection to the form. You 
lp^can answer it. 

20 THE WITNESS: An object of the R.J. Reynolds 

21 Tobacco Company's Right Decisions Right Now program is 

22 to prevent kids from choosing to smoke under 18, 

23 period. We don't want kids to smoke under the age of 

24 18. We don't want kids — when I'm using the word kid 
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1 there, I mean under 18, we don't want kids to smoke, 

2 period. 

3 BY MR. CARBERRY: 

4 Q. But R.J. Reynolds does want people over the 

F" \ 

1 5 aqe of 18 to smoke, correct? 


51 


Tf? 

L 

7 *t 

L 8 < 


MR. SCHROEDER: Objection, misstates 


estimony. K 

THE WITNESS: No. I didn’t say that. Read 

tr "F 

he questipKl&kck to me, please. Let me understand the 

.■S: 

Question au _i... 


ereupon^^.ile court reporter read back the previous 



WITNESS: R.J. Reynolds Tobacco Company's 

I 

psophy is that the only people we market 


and sell oiur products to are adult smokers who have 


.chosen to 




, and we only market to try to get them 


to either Switch to our brands as adults or to continue 


1mo king our brands if they have chosen to smoke. 
l|£2Lg| We do not do anything to try to influence an 

20 individual's decision to or not to smoke, just like we 

21 don't try to do anything to influence a decision -- or 

22 an individual's decision, if they’ve already chosen to 

23 smoke, to either continue smoking or to quit smoking. 

24 We are simply about trying to switch adult smokers and 


http://legacy.library.ucsf.edEWUd^®i^D@0'/(3d^.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 3562 





Strawsburg - Confidential 

1 retain adult smokers who might already be using our 

2 products or our brands. 

3 BY MR. CAR3ERRY; 


52 






1 

1 

1 

1 

1 

1 

20 

21 

22 

23 

24 


Q. Is it R.J. Reynolds’ position that people who 

|iave reached the age of majority can make a rational 

0 

^decision to smoke cigarettes? 

MR. SCHROEDER: Let me object. You know, his 

Kx, 

osition i 3 pyohth nonsmoking. What his testimony 

f-; ^ 

elates to decisions with respect to youth. I 

bject to fliW^form of the question. 

1 

Just to respond to your 

bjedfeion. .X tkink my question is probing, when we say 
’youth," w ^at W e are talking about. I think this 
Witness ha^spifeady testified that he defines kids and 


v.w.vwv.-; 


:hildren ahd^yyuth in a certain way, and I just want to 
irobe that kMm£d .nition and really figure out what we're 

^actually tijfe&ig about. So I think it is a relevant 

> 

question. 

MR. SCHROEDER: If that's it, then I object as 
asked and answered, because I think he has made clear 
who youth are for purposes of what he does. 

MR. CAREERRY: Could you read back the 
question, please. 

(Whereupon, the court reporter read back the previous 
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1 question.) 

2 MR. SCHROEDER: Hold on just a minute. Same 

3 objection. You can answer it. 

4 THE WITNESS: I don't know that I've ever had 
that question asked. What I can tell you is that it is 

f6 really up to the states in society, and they have taken 


►he lead in this, to pass laws that determine when or 


fhen not i: 




sduals in our society are allowed to 






rchase o 4^r4ft¥ jf ose to purchase various products . And 


rirtually the states out, except I think three, 

at age o^|^ority is 18, 18 or older, and I think 

LherelSS thf ^^^here it's 19, that's for cigarettes. 

I fbeTieve all of the states have an age of 



1^|jnajority of^^ke 16 for driving, it might be 17 in 

ome . I beTTeye it’s 21 across the board for purchase 
alcoholi»feJa<feveraqes. I believe it’s 18 for 
ontracts, NPnfliing contracts , in probably all states. 
There might be a few that are different. It is really 

matter of state law and state precedent as to the 

20 decision as to when individuals in our society are 

21 allowed to choose or not to choose to engage in either 

22 product purchases or behaviors, if you will. 

23 It is not really -- so I don't really recall 

24 that Reynolds Tobacco has a position one way or the 
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1 

2 

3 


f 5 


re 

h» 


! ^ 

: o 


other about, as X recall your question being framed to 
me, I may not get it exactly right, about 18 -year-olds 
choosing to smoke. 

I know it is my belief that the decision to 
Choose or not to choose to smoke, if one even wants to 

w 

enter into that decision process, should only be made 

hy informed adults, and my definition of adult is 

I K. . 

“beally age appropriateness as delineated by a 

?T” ^ 

:tate. Sob&haafch' s , I think — 

B L CARBERRY: 



come at it from a different angle. Is 


20 

21 

22 

23 

24 


J.j 


.t R jlfei Reynolds ' position that 17-year-olds cannot 
lake a rational decision to smoke cigarettes? 

MR^CKROEDER: Objection to form. 

Tte^JITNESS: We have stated that kids don't, 

it is our that kids don't have the maturity to 

make those^xTnd of decisions properly. And I think 
that's consistent with what a lot of states believe and 
ociety believes, is that kids don't have the maturity, 
or lack the judgment, if you will, to do a lot of 
things that adults do. So that's, you know, kind of -- 
that's our belief. That's my belief as well 
personally. 

BY MR. CARBERRY: 
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1 

2 

3 

4 

F" 


Q . You mentioned the word "maturity" in that 
answer saying that people under the age of majority 
lack the maturity to make that decision. Do I take it 
from your answer, then, that people who have attained 


{5 ithe age of majority do have the maturity to make a 




decision to smoke or not? 

A. Again, the states have taken the lead in 


: <3 defining tjit't for cigarettes and a variety of other 

r' 

.. | | 

products a|^^^haviors and activities, so I would leave 


ent and discretion of the states and the 


3.0 it to the 



1 

1 

1 

1 

1 

1 

20 


w as to And in some cases I guess it is the 

federal"' la^^relative to like voting age. 

Q. S o,.. ; ^the Right Decisions Right Now program is 
iirected s^^ly to people under the age of majority, 
’correct? j 



A. stated back some time ago was that the 

Right Decitfjtns Right Now program was developed with 
the intent to reach and help roughly 12- to 15-year-old 
ids choose not to smoke. 

And the reason it is designed to reach 12 to 

21 15 is that what researchers have told us in the past 

22 when the program was developed and what you can read in 

23 the literature is that that seems to be the age range 

24 where, unfortunately, a lot of children are making 
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1 these kind of decisions, are going through these 

2 experimentation processes with various misbehaviors, 

3 unfortunately, and, therefore, you have to -- you 

4 should attempt to inculcate these skills with kids at 

\ 

jLbout that age range. 

| I think I also testified earlier, or stated 

sarlier, tk%t the program can be applied or used above 


>r below tnat^ge range. . I don’t believe I put any 

" f" ..I 


yr \ 


10 


estraint 


: s t, nor would I. 

that are available in that program 
be taughtf'are appropriate for anybody in terms of 
eari^^ h<j^tp, you know, make good decisions in your 
ife, so T Ipagiftl 1 y wouldn't want to put a low end or 


igh end rjkigi£|, and particularly since several of the 
ooklets t hat-1 described here earlier are designed for 



1 ' 

1 ! 

1 ! 


adults to speaking with their children. 

Q. But the Right Decisions Right Now program is 
ot directed at people over the age of majority, that 
, it's not intended to influence their 


20 decision-making process, is it? 

21 MR. SCHROEDER: Objection to form. 

22 THE WITNESS: The Right Decisions Right Now 

23 program I described to you earlier, I described several 

24 adult booklets that were designed for parents to use in 
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1 speaking with their children and working with their 

2 children, so I can't quite agree with your 

3 characterization that it's .not intended to work with 

4 people above the age of 18, if I heard your -- the way 

V 

•f5 | heard your question. 

fS BY MR. CARBERRY: 


Q. Perhaps I'm being unclear. What I mean to say 



K 



s, the maipfrials involved in the Right Decisions Right 

| 1 

ow prograjf ar e not directed towards the 

.ecision-m^king processes of people over the age of 18, 
rn some .es 19, that is, the materials are 

esi atead tc elp people influence the decision-making 

ildren, people under the age of 18, or 


>rocesses 


i.n some ca 



9, correct 


idT. S^HROEDER: Objection to form. Now you 
ave a con^^i question, it calls for opposite 


mswers. 


BY MR. CARBERRY: 


Q. If you know what I am getting at, you can 

20 answer the question. If you don't understand it, I can 

21 rephrase it. 

22 A. I honestly lost you about halfway through the 

23 question. 

24 Q. Fine. The materials in the Right Decisions 
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Right Now program are designed to be used with children 

ages 12 to 15, correct? 

MR. SCHRQEDER: Objection to form. 

THE WITNESS; Seme of the materials, such as 
the posters, are designed more to be used, or really 


;een by children 12 to 15, whatever time range you want 
:o look, at: in there. Primarily they're designed -- 


:hose materials are designed for middle school kids. 

4 ?' ■"f"' * 

the materials , as I tried to describe 


;o you ear 


imarily 



such as the curriculum units, are 
jned to be used by educators who are 


teaching ki$te , okay? 


^ intent is that the educator would use 
rguide, the kids will probably use the 


lS^^activity sheets within the curriculum guide, and then 


:he curricv 


:here ’sap 


sr as well that comes with the curriculum 


lTjfefuides thatwolald go up in the classroom. 


So to be specific, the way you asked the 


1 tion, some of the materials in the curriculum 

20 guides are intended to be seen or used by the kids, but 

21 some of the materials are designed really for the use 

22 of the teachers in how to teach their curriculum. 

23 The 15-minute youth nonsmoking video is 

24 designed to be seen by kids. The parental brochures 
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1 

2 

3 

4 

jr 


that I mentioned earlier, the three brochures, are 
designed primarily to be used and read by adults, but a 
kid can certainly read them and get information from 
them and find out things from them. That would be 

N 

perfectly fine. 
g|s| And I haven’t covered all of the aspects here, 

glbut I am tpying to respond and clarify the question 
■that yen aRed 


Bl 


me 


1. CARBERRY: 

i 

Q. L fefclsmie put my question this way: Does R.J.R. 


Br&ve any nlm^mioking programs targeted towards adults, 
:hat ■ p^yrams designed to keep adults from smoking? 
A. C feuld; you restate the question to me again, 

,6^S6 • 




21 


^(Whereupon ^Jfefaj b court reporter read back the previous 
stion . ) 

THEtflTNESS: Responding -- let me try to 

espond to the question. R.J. Reynolds Tobacco Company 
esn't try to influence an individual's decision to 
smoke or not to smoke. 

BY MR. CARBERRY: 


22 Q. An adult individual, of course? 

23 A. Let me back up. I wasn't finished answering 

24 the question. 
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: — 1 

<2- 

Sorry, 

I didn't mean to interrupt you. 

i 2 

A. 

Is that 

one withdrawn? 

3 

Q- 

Sure . 

Please state your answer fully. 

4 

A. 

Okay . 

Could you read back the question I was 


Answering, the question and then the answer I had 
fS started on? 

Whereupon, the court reporter read back the previous 

hv. 

■8 question.) 

“ 

“s. 

HROEDER: In all fairness, I am going to 

estion because he is here to deal with 
issues and that's the purpose of the 
works with and he's already told you 
ith youth and decisions of youth. I 
ind of going far afield with the area of 
is testimSny^ so I would object to the question. 

BlLm CARBERRY: 



1 
1 
18? 


Q- 


in answer. 


THE WITNESS: I can answer? 

MR. SCHROEDER: You can answer. 

SWF pj 

20 THE WITNESS: Okay. What I was going to say 

21 is if you go to the R.J. Reynolds Tobacco Company web 

22 site at rjrt.com, you can get the company's position on 

23 a variety of issues that you have been asking about. 

24 And I will paraphrase, I won't get the exact 
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1 wording right, but I will paraphrase some of the things 

2 on that web site, one of which is that we state, as I 

3 mentioned earlier, that we do nothing to try to in any 

4 way influence a person's decision to smoke or not to 
& $ moke . And we don 1 t want kids to smoke , as I’ve 
ifewitated, 




so, on the web site, indicate that if you 


are concerned .about health risks, and, again, I'm 

5 i -jr 1 

aaraphrasir^^iloncerned about the health risks, that 


10 you can cor ia^^ r quitting, and we provide some links on 


llp'-'tiise web site | one of the web site pages to various 



organizations. 


erms of FU 


at I am trying to tell you is that in 
4-ds 1 position on the issue that you asked 


in tk^^estion, I would refer you to the web 



ite and yc 


m see the company's position on various 


issues, and I think that will probably help better 
Answer the question from Reynolds' point of view. 
n| BY MR. CARBERRY: 

O. Aside from these links on the web site to 


21 various quitting organizations, does R.J.R. provide any 

22 materials to help smokers to quit? 


MR. SCHROEDER: Axe we talking about adults 


24 now? 
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1 MR. CARBERRY: Any smokers, adult or youth, 

2 MR. SCHROEDER: He just testified about a 

3 bunch of programs in youth nonsmoking - 

4 BY MR. CARBERRY: 


We can separate it out, then. Does R.J. 


f6 Reynolds provide, aside from these links to quitting 
7 organizations, does R.J. Reynolds provide smokers with 



my other i^xefials to help them quit smoking? 

* fVl 

* M^yyi^HROEDER: To help adults quit smoking? 

M^^ArBERRY: Adult smokers to quit smoking. 


R: Same objection, particularly 


>p4 of the inquiry. 


THE WITNESS: Could you read the question back 


iO 0 me ' P le 


^Whereupon', tia^ court reporter read back the previous 

~ :v_ 





estion. ) 


:TNESS: At this time I can't recall any 


1% materials that would fit your question 


BY MR. CARBERRY: 


20 Q. Okay. Now the other half, aside from these 

21 links to quitting organizations, does R.J. Reynolds 

22 Tobacco Company provide any information to youth 

23 smokers to help them quit smoking? 

24 MR. SCHROEDER: Objection to form, asked and 
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1 answered. 


2 

3 

4 





\ 8 


MR. CARBERRY: I don't think it was asked and 
answered in that my first question was regarding adult 
smokers, which you objected to as being beyond the 
cope. Now I'm asking specifically about youth 
mokers. 

M^jh SCHROEDER: Same objection. 

tI®^WITNESS: The materials that I described 

r 


:o you, thpsw^rrrculum units, the posters, the parental 
>rochures,video guide, are intended to be either 
sen by kicISfllfid parents, who are, unfortunately some 
>f kq^s are smokers, the curriculum units are 


used by teachers teaching in public 


lesigned t^ 




iddle and ^fffnj -or high schools to reach both, 







Unfortunately smoking kids and nonsmoking kids 


materials are not -- the materials are 
^intended tb be‘ used and available by both kids who 
moke and kids who don’t smoke, and hopefully would 
rk -- you know, can be useful for a kid who is 

20 smoking to choose not to smoke, arm them with the -- 

21 some of the skills and abilities to choose not to 

22 smoke, to prevent them from smoking if they're already 

23 doing it. 

2 4 BY MR. CARBERRY: 
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1 Q. So it is your testimony that those materials 

2 could help youth smokers to give up smoking? 

3 A. It is my testimony -- it would be my 

4 testimony, sir, that the materials, as I've described 

T X 


^^hem earlier, without going back through all of the 

r 

l&sss^laterials and repeating my earlier testimony, my point 
hat I'm masking is this, is that the materials teach a 


k, 

I 


et of skills primarily, as I see it, in the area of 




tr 

: ""W 



Icisions right now, making good 


| that set of skills would be helpful to a 


ngi 


10 decisions, 

1#^ chi Id in bd^EB^'dhoosing not to smoke, would hopefully be 



elpftfr^wiW^-a child who unfortunately was smoking in 


ome f ashi«ig^§g£> choose not to continue smoking, if you 


1 - 

1 ! 






“X 



ill, to 

Iywopld hope that those skills would also be 
elpful inl^ipiPhild choosing not to engage in other 


isbehaviors, such as drinking or drug use or driving 
nderage or, you know, violence, if you will. 

So the materials, again, are designed to 

20 provide a set of skills that I think are potentially 

21 useful abroad -- across a range of activities and 

22 decisions that youth face. 

23 BY MR. CARBERRY: 


24 


Q. Is peer influence an important factor in 
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1 determining whether children take up smoking? 

2 A. Research seems to indicate that peer influence 

3 and peer pressure is an important factor in kids 

4 choosing to smoke, and particularly in some of the 



urgeon general's report, it seems to indicate pretty 
learly, I think, that peer influences is one of the 
major predictors of -■ 

Q- 

moking --P 

A. E me, I wasn't quite done, 

ereuponcourt reporter read back the previous 
nswJf® W 


ten we say "peer influence," you mean the 

■r 



: 1 apologize . 

TNESS: Of underage smoking, or one of 


"'"'X 



the major factors that is involved in underage smoking, 


eriod. 


BY MR. CARBERRY 


Q. Now, when we say — 

A. I should say end of sentence. 

Q. Okay. When we say "peer influences," we're 

21 talking about whether a certain child’s peer group, 

22 that is, their friends, their classmates, whether those 

23 kids smoke, correct? 

24 A. When I use the word "peer influence," what I'm 
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speaking about is, I believe a broaden issue, and that 

is peer influence is the, kind of the inner pressure 

that a child, adolescent, feels to, may feel to fit in 

with his or her peers. 

\ . 

| And that inner pressure, which is 

^elf-imposed, is -- can manifest itself in a variety of 
gj^ays from choosing to or wanting to wear the right kind 
“of clothes fit in or wanting to have the right kind 


ff hairsty! 


right kind of makeup to, unfortunately. 


"feeling th a|y||| ey may need to smoke or drink to fit in 
their IfWi^s. So when I use the phrase "peer 


Mlg^e, am talking about a broader context, as I 

at it L _ i 


Q. I^gStflpental influence an important factor in 
Letermininq wKfether a child takes up smoking or not? 


is research that tends to show that 


children who live in households where adults smoke, 


most likely parents, but not necessarily always 


lJ^^arents , oftentimes have -- or let me rephrase it. 

20 I think what the research really shows is that 

21 oftentimes children who unfortunately have chosen to 

22 smoke tend to come from households where an adult 

23 smokes more so than children who have chosen to smoke 

24 coming from households where an adult doesn't smoke, I 
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1 

2 

3 

4 


i-8 


10 




111 


guess is how I would try to characterize it, if I'm 
reading the research in my mind correctly. 

So I think that's --- I sort of lost track of 

the question you asked, but I believe that is a fair 

\ 

and full answer. 

Q. Okay. Let me try and rephrase that a little 
it, then. ^So if a child’s parents smoke, are you 

- 5 

testifying ? x.hat the research indicates that that child 
|fs more likelyto smoke than a child whose parents 
don' t smok ^fe^ 

MI^pjfe:HROE DE R : Objection, asked and answered. 
TI|P^WITNESS: What I am testifying is that the 

esearch t h&fcaal 1 ve looked at and read indicates, if 




14 * 
1 


've read ^ 


rrectly, more that there seems to be -- 


et me back upj- seems to be that a lot of kids who 



moke undej 


tend to come from households where one 


l^ssi&sjpr more adults might be smoking as well. 

i Cw 1 don't know that the research, and I'm not 

l C^Sau re I could fairly characterize the research as 

20 predicting, if you will, that kids who happen to live 

21 in households where parents smoke, or adults smoke, are 

22 more likely to become smokers. I don't know that the 

23 research really goes that direction, that I can 

24 recall. I don't know that it is really predictive or 
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1 tries to be predictive. 

2 BY MR. CARBERRY: 

3 Q. Does R.J.R. advise parents who smoke to quit 

4 smoking in order to be good role models to their 
f5 children? 

f6 A. I believe what I indicated to you earlier is 


hat R.J.R., on the web site, speaks to parents, or any 



K 




dult, reallyas to if they wish to quit, they should 
it, and de the resources for them to quit in 

;erms of they can go get assistance at other web 


iges . 


you finished? 


A. Yes, a think so 


1 


Q- 


B 





iJ.R. does not advise these parents that 


I5§i#by quittin§j““€J^ay may assist their children in choosing 


lPWfio t to smoke?. 

>Jf^§CHROEDER: Objection to form. You can 

answer. 

lf| ; THE WITNESS: In the adult booklet I've 

20 mentioned to you some time ago, earlier, which is 

21 titled How To Speak To Your Children About Not Smoking 

22 Even If You Do, there is a section in there, and this 

23 is not directly answering your question, but just 

24 coming at the question and it will become clear as I 


http://legacy.library.ucsf.e(Si^id^tei(W^fiO/^nzi*/w.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3579 






Strawsburg - Confidential 


69 


1 

2 

3 

4 


lO should be 



1 

1 

1 

20 

21 

22 

23 

24 


say it, or it is directly in answer to your question, 

but it is going to take me a little while, is what I'm 
trying to say, there is a section in there where we, 

I'm paraphrasing, I won’t get the exact words right, 

\ 

jlhere is a section in there where we tell parents that 
ne of the things that is likely to happen if you smoke 
you 1 re ^alking to your child about not smoking is 

ihey’re gofnfg' to say something along the lines of, 

^ 

ell, you , why do you smoke or, you know, it 

Q-ku.’/sv for me to smoke. 

fwla go on to present the idea to parents 
to your child about your smoking and 
t enjoy smoking or, more importantly, 
f you don ^wa nt to smoke, then you should quit. And 
J think we ggl e it pretty clearly in there that you 
~peed to. bePlfPlfthf ul with your kids. And if you don't 
ant to smLke^ then you should not smoke, you should 
eally quit. 

So I think that gets to your question in terms 
of, as I understood your question, in terms of R.J. 
Reynolds, what I am talking about was the Right 
Decisions Right Now, which is, of course, part of R.J. 
Reynolds. 

Q. Can you tell me if the following statement 



http://legacy.library.ucsf.e(Si^id^tei(W^iO/^nzi*/w.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3580 





Strawsburg - Confidential 


70 


1 

2 

3 

4 

T 5 ' 

re¬ 


appears in the Right Decisions Right Now materials: 
Quote, if you smoke because you enjoy smoking, as most 
smokers do, say so. Your child can usually tell if you 
are not being truthful, and there is no reason to be 




shamed of giving an honest answer to an honest 
estion, end quote. 

SCHROEDER: I .am going to object. Are you 


;epresentii|ig that you're quoting from that document? 

FV! 


10 

i: 



RRY: I am asking him if he can tell 

me if that'$ a direct quote or not. 

iftzHROEDER: If you want to show him the 

hink he will be glad to take a look at it, 
^t is an unfair question to ask him, if 
ihat's an adthifate quote, without giving him the 


RRY: If he knows it is an accurate 


l^is an accurate quote, he can testify to that as well. 

MR. SCHROEDER: I think he would have to see 

20 the document to know whether it is accurate. If you 

21 can answer, you're free to answer. 

22 THE WITNESS: I really would rather see the 

23 document, if I could, because you stated a lot of words 

24 and I would like to be able to verify word for word. 
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1 That said, I do believe that's, if not word 

2 for word, reasonably close or close enough to a 

3 statement in the booklet I was just mentioning to you. 

4 Also, I would add, if I recall correctly, that 
FB 'there is a context around that statement that you 

f6 haven't brought out or: reviewed with me or presented, 

;o we would have to look at the statement in terms of 


$ 




:he context 


B 



it. 

y. CARBERRY : 


Q- 


Werw-T in what context does R.J.R. advise 




it^Larents toi 




their children that they enjoy 


MRf sCHROEDER: Objection to form. 


THE^i^ITNESS: I would have to see the booklet 

^wawmwnE 

n front oflne^to remember the exact wording and 

ofy^^re that sentence lies in the booklet, and 
would to do that if you've got a copy with 


If 

1! 


you 


BY MR. CARBERRY: 


20 Q. Do you think it's appropriate in any context 

21 for parents to tell their children that they enjoy 

22 smoking? 

23 A. My advice to parents would be to tell their 

24 kids the truth. 
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1 Q. And if that truth is that the parent enjoys 

2 smoking, they should tell the child that the parent 

3 enjoys smoking? 

4 MR. SCHROEDER: Go ahead. I will object to 
FS Vorm. You can answer. 


^ THE WITNESS: Again, my advice to parents 

j-fould be to tell the truth. My personal advice to 


>arents wot 


ilso be to, you know, again, in this 


9 -context i s LlK'.H e alina with your children, in talking 


rith your ffiflfclren, they're the best judge of what or 


lat not t 


1 a kid. And it is really best left to 


hem ma|| the decision as to what subjects and how 


hat subjects ^should or should not be broached with 


1 ^J bheir chil^pa^. It is not really, in my opinion -- 
liiell, I'm kon&. 


B&bMH- CARBERRY 


So^TT-- a parent regrets their decision to take 


1& up smoking, should they tell their children that they 


I f^ gret that decision? 

20 A. If I recall correctly, in the booklet we are 

21 talking about, what we said was we advise parents to 

22 tell the truth, and, again, I'm paraphrasing from 

23 memory, I may not get it exactly right, but we indicate 

24 that if you as a parent want to quit or don't enjoy 
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smoking’ and want to quit, then you should go ahead and 


quit and that -- I think that kids would understand 
that, or that that would be a good example for kids, if 

that's what you say. I think it is more the old rule 

% 

j3f, if that's what you ask them to do, then you should 
gd° the same, if you feel the same way, something like 
#hat. 


Q. lira parent feels that they would like to quit 

& I "T" 5 

aut can't, IPfti^ild they tell their child that? 


IHROEDER: Objection. Are you asking for 


|5 personal|<^inion on this or are you asking him for 



:ontext of 


iOJ 


has a view on this? What’s the 


question? 


RRY: The context is R.J.R.’s 


15 v ^position oh thfse questions. 



(lTNESS: Could you rephrase, not 


ephrase, but restate the question for me, Joye 


^Whereupon, the court reporter read back the previous 


lestion.) 


MR. SCHROEDER; You're asking him whether the 


21 company has a position cn that? 


MR. CARBERRY: Yes. 


BY MR. CARBERRY: 


Q. Does R.J.R. advise parents who feel that they 
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1 would like to quit but can't to tell their children of 

2 that fact, if that makes it clearer? 

3 A. Beyond saying that I think, I think R.J.R.'s 

4 position would be that parents should tell the truth, 
eyond that I can't recall that we would have a 

^specific position in answer to your specific question, 
mean, wek^ould always advise the parent to, I think, 
;ell the tfcuth, as we all should. 

Q. keep up with the scientific literature 

10 on the effectiveness of youth nonsmoking programs? 







# A. ^ I^^.^empt to keep up with it. It is becoming 

i vol^^ino:^; 1 literature . I've read some reports and 

# ww 

stracts,p*S| I don’t purport to have read everything 



i; 

li 

i| 

20 


there pE^sfeen everything out there or to be 
familiar w^thsleverything out there on that subject 


?;area. 

MR. SCHROEDER: Let me add as well, he is not 
eing offered as an expert, he is being offered as a 
hct witness in this case. 

MR. CARBERRY: Understood. 


21 BY MR. CARBERRY: 

22 Q. Are you familiar with the terms affective, 

23 that's with an A, versus social influences approaches 

24 to youth nonsmoking programs? 
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1 A. I am broadly familiar with those terms, yes. 

2 Q. What is your understanding of those terms? 

3 A. Again, I am not a research expert, but my 

4 understanding of the terms is that the social 

:: 5 influences model is a model that suggests that the 
social influences, particularly peer and parental 

.f 

Influences, around children is one of the keys to how 
bhildren aj 




outh nonsi 





1 

1 

1 

p 

1 

1 

1 

20 

21 

22 

23 

24 



going to behave. And in the context of 
i|g, the social influences model is kind 
f the appjfE sen. 

Tl^iip^e of the social influences model is the 
pprojacb t^^^iany experts in the field recommend as 
eing the bne''t° pursue, meaning, being kind of 
'Convoluted , what they're really saying is social 

nfluence ifiod'e'l based programs which try to address the 

k $ 

} 

ssues of influence and peer pressure and 

roviding ^J'sdtive parental influence tend to be the 
type of programs one should pursue in helping prevent 
from smoking, as well as some of these other 
misbehaviors, like drinking and other things. That’s 
kind of my take on the social influences model. 

The affective with an A model, if I recall 
correctly, is a model that spoke to kids potentially 
having lower self-esteem and a relatively low sense of 
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1 value and that the model, sort of the premise of the 

2 model is that if you can build self-esteem and build 

3 self-value into a kid or add that to a kid, then that 

4 kid will be better equipped to make right decisions, 

F" \ 

od decisions, avoid bad decisions. 

So I think that’s a thumbnail, but that's sort 
the gisp^of the affective model versus the social 
Influences^model that I -- as I understand them. 

J 

Q. tobacco company advertising be one of 

10 the social uences that a youth nonsmoking program 

tak^H^nJio account? 

SCHROEDER: Objection to the extent that 


Si. 



:his is desgpgu&d to elicit any kind of expert opinion 




>ased on wl 




erms on s 



er characterizations there are of these 
influences. 


THSfWfcTNESS: Yeah, I didn't quire understand 

17is £he question, actually. 
iaSL^ by MR. CARBERRY: 


Q. These social — 

20 MR. SCKROEDER: Excuse me, he's not offered to 

21 testify on expert opinions, and I don't want him to 

22 offer expert opinions, so to the extent any question is 

23 couched in that fashion, I think it is, you know, 

24 inappropriate for -- to elicit that kind of information 
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1 from him. He's here as a fact witness to testify about 


2 what he does at R.J. Reynolds. 


MR. CARBERRY: Fine. 


BY MR. CARBERRY: 


(5 J Q. Does the Right Decisions Right Now program 


discuss tobacco advertisina in any of its materials? 

Sf 

A A. I .don't believe it does. I can't think, of an 


instance white tobacco — by tobacco advertising, I am 

j | 

answering atm 'if tobacco brand advertising. I can't 

P ’ ' J 

Recall in this.* instance where the program discusses 


jbacco br 


.vertising, the Reynolds Tobacco Company 


Q. 1R• J• R• ' s position that tobacco brand 


idvertisingi^fes not influence youth decisions to 






A. Ij 


so you woui 


L you, I’m not an expert on advertising, 
ive to ask somebody else who is an expert 


^pn advertising that kind of question. 

Q. As the vice president of public issues in 
charge of the R.J.R. youth nonsmoking programs, do you 
have editorial control over the content of the Right 
Decisions Right Now materials? 

A. I have, I have editorial control with some 
caveats, and they're big caveats. A number of the 
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materials are prepared by experts, particularly the 
curriculum guides, in the educational field, and I 
defer to their, by and large, to their expertise in the 

language and preparation of the materials, those 

\ 

Materials, so I've never, you know, never thought of it 
i^rom that angle. But they write the brochures and 
pamphlets, ^by and large, and I review them and look at 


them, but i^ve never really looked at it from the 

r: 

Standpoint ^^^di to rial control, if you will. In other 
Words, I really write them, so when I hear the 


rase "edj 


.al control," I assume you mean, you 


mow ,i^ian A a word, do a word, whatever. 


jeing said -- 


A. Tfe^rJpeing said, yeah, in the broad sense I'm 

W.'.W.WV.W^ « ’ •* ' 

responsible foj the content, in a sense, within the 


'company I' $Ppl%ponsible for what goes out. 


17^^ Q- Okay. 

1A. Although I don't write it, if I’m being clear 
Q- Understood. Understood. 

20 A. I don't write all of it. 

21 Q. That being said, if you wanted to include 

22 materials on resisting the influences of tobacco brand 

23 advertising in the Right Now -- Right Decisions Right 

24 Now materials, you could do that, correct? 
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1 MR. SCHROEDER: Objection to form. 

2 THE WITNESS: Could you restate the question. 

3 (Whereupon, the court reporter read back the previous 

4 question.) 

5 I MR. SCHROEDER: Same objection. I assume, by 

f6 the way, all other objections are reserved? 

MR. CAREERRY: Yes. 

Sw 

M^^SCHROEDER: Okay. All right. You can 

r~ 

inswer thek^^tion. 

TNESS: The — there's what sounds like 




1 

1 

1 

1 

20 

21 


me like sumption on your part, or in your 

I. 

t’tobacco advertising is having some kind 
f influence, and you haven’t stated who, what, 

! I 

hatever, buc ■*-- so I'll answer your question in a 
eneral sense^hat I could -- I would assume it would 
e within %g a g pan of control to include a commentary on 

that sub j elPPNlbea if I felt it was appropriate or 

1 

agreed with the subject area, and I would think that 
uld be true on most any relevant subject area, not 
that the one you raised is relevant here. 

BY MR. CARBERRY: 


22 Q. Why haven’t you included materials on 

23 resisting the influences of tobacco brand advertising 

24 in the Right Decisions P.ight Now materials? 
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1 

2 

3 


w- 

i 5 





MR. SCHROEDER: Same objection. 

THE WITNESS: Let me go back to the 
beginning. The folks who developed the program back in 
the early '90's developed it with the objectives that 
|'ve articulated to you earlier, and it was they who 
developed, I think the very appropriate curriculum 

ides and.posters and parental brochures that are the 

¥• 

ore of th 



rbgram, and they’re solid experts and good 

f” "i 

eople in their fields, and they felt that that would 
e the cor ^f^ approach. So the materials, I think, 
eak for fe^elves in that regard. 

RRY: I think this is a good spot to 

e a bre^^^^Lf nobody has an objection. 

Mp$$^CHROEDER: Do you want to take a lunch 

>reak? It' is ^.1:45. 


RRY; Let's go off the record. 
DEOGRAPHER: Off the record at 11:40. 



1 (Recess 11:40 a.m. to 11:54 a.m.) 

l|^^Whereupon, the court reporter read back the previous 

20 question.) 

21 THE VIDEOGRAPHER: We’re on the record at 


22 11:54. 


23 


24 


BY MR. CARBERRY 


Q. Mr. -- 
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A. Went down the wrong windpipe. 

MR. SCEROEDER: Are you all right? 

THE WITNESS: Yeah,. It just -- 
MR. CARBERRY: Take your time. 

THE WITNESS: There we go. Sorry. 

BY MR. CARBERRY: 

Q. Mr. Strawsburg, does R.J. Reynolds Tobacco 




1' 

15 1 


iompany support comprehensive advertising bans as part 

r~ 

5 


9 of its yout^li^^nsmoking program? 

A MRlSlfoHROEDER : Objection to form. You can 



*swer. 

TH^WiTNESS: You’re going to have to help me 

in what vo iLmei n by parts of your question. 

CARBERRY : 

S- s »w«wjjw^ 

Q. Does R.J. Reynolds Tobacco Company support a 



an on ail iSSpibacco brand advertising as part of its 


■‘.KWjjKP 

fort to keep' children from smoking? 

1 MR. SCHROEDER: Objection to form. You can 

l ^in swer if you can. 

20 THE WITNESS: It xs a two-part — I heard 

21 several questions in one. 

22 R.J. Reynolds Tobacco Company does not support 

23 an advertising ban that -- I mean, we don't support an 

24 advertising ban, that I'm aware of, and I think 


http://legacy.library.ucsf.efiU>tii±f^qdflp90/pdfw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3592 



Strawsburg - Confidential 


82 


1 

2 

3 

4 
(5 


that's — that would be the 


BY MR. CARBERRY: 


answer 




iS 


r Jcp lace 


LSSl 



1 

1 

1 

1 

1 

1 

20 

21 

22 


Q. Okay. Does R.J. Reynolds Tobacco Company 

support increased taxation of tobacco products to 

\ 

gssist youth in resisting the decision to smoke? 
MR. SCHROEDER.: Objection to form. 

Tf|E WITNESS: I don't know if we have a 


position oil that specific formulation. 

I CARBERRY : 

d 


J. Reynolds Tobacco Company support 
ublic space smoking restrictions to 
in resisting the decision to smoke? 
HROEDER: Objection to form. 

T]_ TNESS: R.J. Reynolds Tobacco Company 
Supports the accommodation, or principle of 

jLn the workplace to allow adults to smoke 
in specifid"™areas of the workplace. R.J. Reynolds, and 

n 

again I need to hear the question again, please. 

ereupon, the court reporter read back the previous 
question.) 

MR. SCHROEDER: Same objection. 

THE WITNESS: I’ve never heard those two 




23 issues tied together the way you tied them in the 

24 question. And so my answer is that we support 
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1 accommodation of workplace for adults, and the answer 

2 to the second part of the question is we don't want 

3 kids to smoke, period, in any way, shape or form. 

4 BY MR. CARBERRY: 

\ 

5 ] Q. Does R.J. Reynolds Tobacco Company support 


idult smoking cessation programs as an element of its 


|youth nonsmoking programs? 


. SCHROEDER: Objection to form. 


TgH^ilTNESS : Again, I heard multiple 


estions 



Support" 


|here. Could you define the word 
fme in your question? 


BTfeMR. CARBERRY 


Q. DbesjR.J. Reynolds think it is a good idea 


Sking cessation programs should be made 


Ithat aduli 


available ;to i|dult smokers as part of its youth 


^nonsmokinc 


digrams? 



CHROE DE R : Objection to form. 

THE WITNESS: R.J. Reynolds Tobacco Company 


rovides on its web sites links that are available for 


20 adults, anyone who's smoking, to go to and gain 

21 information about quitting smoking, and that's on our 

22 overall web site section, so -- that's my answer. 

23 BY MR. CARBERRY: 

24 Q. Are you aware of any statements in the 
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1 scientific literature which find that the most 

2 effective youth nonsmoking programs are those which 

3 incorporate a comprehensive program, including 

4 advertising bans, increased tobacco taxation, workplace 


7s 


fe 


i s 




i 

p 

i 

i 

i 

20 

21 

22 

23 

24 


and public space smoking restrictions, and adult 

r 

smoking cessation programs? 

^ MR. SCHROEDER: I obiect to the form and 

* hx, 

Object to ipIlHi''Extent it is now calling for expert 

. S s " 

W . . I T” 5 

Jppinion. 

M^^^^RBERRY: I am just asking if he’s aware 

any statements. 

SCHROEDER: I understand. Same 

ections; 


THp^flTNESS: Could you read the question back 

y WMW WWlltS 

AwaAMWM^u 

me again. 


(Whereupon^^ court reporter read back the previous 
question.)^ 

THE WITNESS : Same. 

MR. SCHROEDER: Same objections. 

THE WITNESS: I can't right this second come 
up with a specific citation for you as to where, you 
know, that I’ve heard that specific phrasing, but I am 
generally aware in my reading that many people in the 
field of youth nonsmoking believe and articulate that 
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1 

1 
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1 comprehensive programs , not necessarily your 

2 formulation of comprehensive, but they use the word 

3 "comprehensive” as a goal of youth nonsmoking 

4 programs, they should have a multifaceted approach, but 

\ ... 
i|ot necessarily, that I can recall, your specific list 

of ingredients, if you will, in your question. 


BY MR. CARSERRY: 


Q- 


said "multifaceted." Can you describe for 


r“ k 


*e what yoi, 


|n by that? 


A. Orffijijy ample, and only one, there are probably 



American Legacy Foundation, which is -- 
part of the master settlement agreement, 
eve in the setup of that foundation, in 




hers, is 
as sfS&^up 
1 

:he master ^retlement agreement, it was called the 
rational PUbbi<p Health Foundation, it came to be called 
he Americ|BHfp^gacy Foundation, but I believe the 
charge to foundation was to develop a 

omprehensive — one of the charges to that 
ganization was to develop a comprehensive approach to 
youth nonsmoking efforts in the United States. And in 
their -- in that charge or what's since come from that 
as the American Legacy Foundation speaks to or talks 
about the need, for, in their opinion, youth nonsmoking 
programs that would involve in-school programs, 
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1 parental advice programs, restrictions on access to 

2 cigarettes by bids, primarily through retail, as I 

3 understand it, and other facets of an effort that would 

4 be, in my terms, I guess comprehensive or 

F" % 

15 ufultif aceted. 


$*-■' 




But you could go. I’m not getting every one of 
hem down, jbut you could go to the American Legacy 



oundation Fweb site and see, they've got a list there, 

r ^ 


believe, I 


recall correctly, a list of the bind of 


10 programs cha.k they're intending to put together and 

: t 

1 lifter k on. H i 


B 


1 

15 


20 

21 

22 

23 


CARBERRY: 


Q. D<%^ kl |. J. Reynolds support the efforts of the 

erican Foundation? 

A. Not to put too fine a point on it, but R.J. 
eynolds Tc^^^^o Company makes payments to the 
orneys Generals, of which go to the — a large 
portion of the payments go to the American Legacy 
Inundation, so, yes, we directly support, in the sense 
of financial payments, the operations of the foundation 
as one of the signees of the master settlement 
agreement. So, yes, in that regard we do support the 
foundation. 


24 Q. Does R.J. Reynolds Tobacco Company 
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4 

■T' \ 


1 philosophically support the efforts of the American 

2 Legacy Foundation? 

3 MR. SCHROEDER: Objection to form. 

THE WITNESS: I as the individual responsible 

k5 ,i^ or driving our youth nonsmoking programs forward am in 
road agreement with the philosophical approach, if you 
Irill , of the foundation, and by "approach" what I mean 

s that thj^foundation — let me restate it- 

r 

I broad agreement philosophically, 

the foundation's mission, which is to 
om smoking, to be clear. And I'm also 

with the master settlement agreement 
e foundation and the terms and 


10 obviously, | 
l^pkevent ki 


.n 



fhich set 
;onditionss 




; that master settlement agreement as they 



1 

l|?™,apply both ^^o J the foundation and the other aspects of 

it. So, am in agreement. I mean, I support the 

oh 'l.'n"'that sense and support the mission of the 
•foundation, which is to help prevent kids from smoking. 
BY MR. CARBERRY: 

20 Q. Now, I believe you started off your answer 

21 with you saying you personally. Do you also support 

22 the American Legacy Foundation philosophically in your 

23 capacity as the vice president of public issues of R.J. 

24 Reynolds Tobacco Company? 



http://legacy.library.ucsf.e^ticbi^q®iTlpa0'4acWrw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3598 



Stxawsburg - Confidential 


88 


1 MR. SCHROEDER: Object to form. I'm not sure 

2 I understand that question. You can answer it. 

3 THE WITNESS: To be honest with you, I'm not 

4 sure I understand it either. 

r \ 

,5 j BY MR. CARBERRY: 

Q. Let me try and clarify that. You said that 


r: 


> -^our personal beliefs were that personally you support 


-X 



L8... JbhilosophiHilly the efforts of the American Legacy 


A. not what I said. I said, and she can 

iad back ^f^swer, but I believe what I said is that 
in my role as the vice president of public 
.ssues tasls^tssWith pushing forward our programs on 
routh nons^^Wlng, I believe in the mission, is what I 

: i 

'said, of t^^undation, which is, as I see it and as I 
elieve it^lfP%irticulated, to prevent kids from smoking 
reduce^ the' incidence of smoking among kids in this 
l^untry. I strongly am in favor of that mission. My 
1 m Pany is in favor of that mission, as I’ve just 

20 articulated it. We signed the agreement and we pay 

21 money to the foundation to let it independently, as set 

22 forth in the agreement, carry out its mission. 

23 Q. Do you think the foundation is doing a good 

24 job of carrying out that mission? 
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1 

2 

3 

4 






A. I think the foundation is making a good, good 
faith effort to carry out its mission. I think the 
foundation has not been able to yet develop all of the 
different facets of the programs that they want to 
evelop, is my view, and that there's more work that 
he foundation is both engaged in and doing, so I don't 
Ithink that, they've got every piece that they themselves 


would want pfh place to go at. 







111 


K 


t with s 

nst 

si 

ey put i 
amiliar w 




I r pJ-. iofoadly familiar with, not all of what the 
oundation ^is.jdone by any stretch of the imagination, 

spects of the work they've produced, for 
e of the tracking, surveillance mechanisms 
ce as mandated by the MSA. I am broadly 
hose. So I think that answers -- could 

_ ^VWftSV.™Oy. 

^ou read the question back to make sure I've answered 
t? 





14 

15 

1 

p 

17 

1 

1 


20 BY MR. CARBERRY: 

21 Q. The elements of the foundation's program that 

22 are in place, do you think those elements have been 

23 effective? 

24 MR. SCHROEDER: Objection, form and 


HROEDER: That’s all right. If he 

thinks you haven't, he can follow up. 

THE WITNESS: I think I did. 
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f5 



p* i 


1 foundation. 

2 THE WITNESS: You're going to have to ask me 

3 specific elements. I am afraid it's too broad. 

4 BY MR. CARBERRY: 

Q. Are you familiar with something called 

05phetruth.com? 

A. I'm broadly familiar. I believe I've been to 

K v , 

Lhat web sped .' 

Q. 

A. I^VIieve that web site is either a subset of 
e biggerN^p^rican Legacy Foundation web site or an 
l^^t , and I’m. pretty sure it's directly 

onnected. ^Lf^v ou will, to the American Legacy 
foundation; 

Q. And^w^iat does that web site concern? What's 
on that wetesKgte? 


* * 

Can:.«u tell me what that web site is? 




tr 




1 
1 
1 
20 
21 
22 

23 

24 



1CHR0EDER: Objection to form. 

MR. CARBERRY: To your knowledge. 

THE WITNESS: I haven't been to the web site 
in probably a couple of weeks, so I'm going to go from 
an inexact memory. But there are a couple, if I'm 
remembering correctly, there are a couple of facets. 
There's, I believe, some examples of advertising on 
that web site. I believe there are — I believe 
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1 there's a chat room. Frankly, I'm trying to — that’s 

2 about all I can really come up with. I remember seeing 

3 the visual. There 1 s a little visual with like wheel 

4 spokes out of it, and I can't remember the headings 

r % 

^^round the spokes at this moment. You go and you click 
Lzound those spokes to get to various sites. 

MB.* CARBERRY: Can I have this marked as 
jxhibit 2, ^please. 

[Exhibit Number 2 


r 


10 



K 


If 

f 

r 

i 

i 



B' 
I 

xhibit 2 , 
copy 



^ras marked for identification.) 


l CARBERRY: 


showing you that which has been marked as 
I will represent to you that this is a 


tout of several pages from thetruth.com 
eb site . k.Eave you seen any of this material before? 



’HROEDER: You mean has he seen what you 

rgstfiave noted’ as Exhibit 2? 
l lL»c MR. CARBERRY: Yes. 

1 CL THE WITNESS: (Reviewing.) I do not recall 

20 seeing the -- there are four pages here that you've put 

21 in front of me -- these very specific four pages, but I 

22 do recall at one point being, if you look at the little 

23 symbol at the top of the page that has the home and 

24 then the spokes of the wheel, of several times in the 
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past going to the home and clicking on the spokes of 
the wheel. And I do recall looking at TV spots. I 
just don't recall this particular exact page of TV 
spots. And I do recall, I think, looking at -- I think 


\ 




recall looking at maybe archive stories. I've 
een -- I haven't seen this specific -- the specific 
nswer to ypur question is I haven't seen — I do not 





lo 

1 


ecall seeing these specific four exact pages with 

I 

hese exact i j i ih?uals or. them. 

CARBERRY : 


0 \ 



1 

X f 

20 

21 

22 


Q. D^™pou recall seeing the visual of the body 

taidSd on the first page of this exhibit and the 
tatement ip»«|$|kneath it that states, "Tobacco generates 
ne every ^^econds in America"? 

MI^J^HROE DE R: Objection. 

T^^^ITNESS: I think I just testified 

arlier, Paul, that I had not seen this specific page 
pn the web site in this form. 

L MR. CARBERRY: I would like this marked as 


Exhibit 3. 


(Exhibit Numbers 3 and 4 

were marked for identification.) 


23 BY MR. CARBEFRY : 

24 Q. Calling your attention to that which has been 
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1 marked as Exhibit 3, I can represent to you that this 

2 is a print ad which was downloaded from the truth web 

3 site. Have you seen this ad before? 

4 MR. SCHROEDER: I’m going to just object to 

y* \ 

. all of these exhibits as beyond the scope of his 

f’ t . . . . 

inactivities . 

M5U CAR3ERRY: I understand your objection. 
mJL ^pHROEDER: I don't know where you’re 
1 ^^,%°ing withthl^ . 

10 RRY : I am going to tie it back into 

1 J . R. * s yfu|f| nonsmoking efforts . 

£2?®®* WITNESS: Can you read the question back 

# wJw J 

fSzlo me , ple|m^ 




fore, th ^Jg d ? 

A. This ad? Not the web site page, but the ad on 

1 Q. Either or, the web site page with the ad on it 

20 or the ad in print actually. 

21 A. I do have a recollection of seeing this 

22 somewhere, and I don't know if it was maybe on the web 

23 site or in a magazine. I may have also -- my 

24 recollection might also be that I've seen that visual 

http://legacy.library.ucsf.ed8Aifli/jlqORttP§/0fflMA/w.industrydocuments.ucsf.edu/docs/zxgl0001 
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1 in a TV ad, so it might be from that as well, I'm not 

2 sure which, but I do recall the basic visual, I've seen 

3 it somewhere, 

4 Q. And this ad contains a picture of a cowboy 

jr % 

^g^idinq a white horse and he’s trailing behind him three 

r, 

NP^irown horses, each of which appears to be carrying a 

L, 

bag, djjrect? 

MlU- SCHROEDER: Objection. It speaks for 

1 w Lx 

/SMtfif. ^ 


SS: The visual you're having me look 


appears ^to be, or has the format of an ad. It is 


ry gfooci reproduction, it is black and white. 


»ut it does 


14r^bowboy , it 


>k like that -- it does look like a 


look like three horses, one horse does 



ppear to something that starts with the words 


>ody on it-" 


I can't read the rest of the words 


md the other horses, it looks like -- one horse looks 
.ike it has a bag. I can't tell about the third horse. 


, what's on that, from this, from the visual 


20 copy you've represented to me 


BY MR. CARBERRY: 


22 Q. Fair enough. And the words across the top of 

23 this ad say, "What if cigarette ads told the truth?" 

24 Did I read that correctly? 
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1 MR. SCHROEDER: Objection to form. Xt speaks 

2 for itself. 

3 EY MR. CARBEPRY: Did I read that correctly? 

4 MR. SCHROEDER: Same objection. 

THE WITNESS: As near as I can tell, that's 

it says. The word "truth," on my copy that you 

Represented,,.to me, is kind of faded out or dark, so I 

$ r 

not sur£ in,, the actual ad it would show up, but I 

f " | 

kill have don't have to, but I will at this point 

10 take your for it. 

bJTB! CARBERRY: 


/ 



Jt 


1 r 




dp you notice the box to the right-hand 
ide benea^^^ie cowboy with the writing in it? I 
14 "tinderstand?ip>.uf copy may not be the best reproduction, 

4 I 

U t — ” 

A. X ^g the box you're referring to. The 
eproduction on mine is, with my eyes -- I'm sorry. 

MR. SCHROEDER: Mine, too. 
lfiLj BY MR. CARBERRY: 

20 Q. I will represent to you -- 

21 THE WITNESS: I can’t get there. 

22 BY MR. CARBERRY; 

23 Q. I will represent to you, then, that the text 

24 in that books states, "Yeehaw, you, too, can be an 
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1 independent rugged macho looking dead guy." Do you 

2 think an ad like this is an effective element of a 

3 youth nonsmoking program? 

4 MR. SCHRQEDER; Objection. 

F \ 

THE WITNESS: You're asking me for my opinion. 


my opinion would be is I wouldn't -- 


MRv.^ SCHROEDER: He's asking you for an expert 
inion. To t^.e extent you're asking for that, he's 


lot here ad iirriexpert. 


BY Mi*. CARBERRY: 


# Q. I .aii hot asking for an expert opinion. I am 


asking Tor TOur opinion as a vice president of public 


ssues for 


Reynolds in charge of its youth 


14'^monsmoking fxa^rams, do you think this is an effective 
lament of ife^uth nonsmoking program? 


4 Mi^^^HROEDER: He's not here to give his 

personal opinions. He's here to speak on behalf of 
^hat R.J. Reynolds is doing in terms of youth 


finsmoking programs . I think it is an inappropriate 


;*S 20 question, and I object, 

| 

Jj 21 THE WITNESS : Could I have the question back? 

I 22 (Whereupon, the court reporter read back the previous 

23 question.) 

24 MR. SCHRCEDER: Same objections. 

? 

4 
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1 THE WITNESS: I don't know, because I would 

2 want to, before forming an opinion, see some research. 

3 on the ad and want to know to whom the ad is intended 

4 to reach and what the intended message of the ad is 

W" \ 

(5 before I could make any -- form any opinion as to 


f"6 whether or not it's -- I think I’ve got vour word 


ight, an effective or appropriate part of a youth 
lonsmoking pj. iogram. 

Bfe&gy. CARBERRY: 


Q. Did vfL J. R. have a vice president of public 
issues witiPisppifecific responsibility for R.J.R.'s youth 
honsi ^pfea ng ' pr ograms prior to spring of 1999? 

.^C HROEDER: Hold on just a minute. Object 

-,o the form. You can answer it. 

WWWWf^, 


1 

1 

1 

1 

20 

21 

22 

23 

24 


THE WITNESS: It's a multipart question. I 

hink the - the fairest way to answer what I think 

is the int^n^%f your question is there was an 
individual who was responsible for our youth nonsmoking 
rograms prior to me in the spring of 1999. There was 
actually several individuals, one of whom I’ve already 
mentioned to you, Carolyn Brinkley. And then I can't 
get the exact date on this, but prior to that there was 
an individual that she had reported to who was, I'm not 
certain of his title, but I believe he was a staff vice 
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1 

2 

3 


f” 


president. And I can't remember if it was staff vice 
president of public policy programs or what his exact 
title would have been. 

But there was a period of time, if I recall my 
ates correctly, there was a period of time where that 
ndividual had retired, the one I'm talking about had 
etired, arid. Ms. Brinkley had accountability and 



sponsibiXitvfor moving the programs forward, and I 

f law*- | 

rankly caift%emember who she reported to after that 


10 individual jaaagfejl.red and before I had come into this 
1 l^^p^sition. |^^here was a period of some months there 
'here^m ^ sure exactly, I can't recall exactly who 
he report^^^i). 

B^fSSu CARBERRY: 

Q, C a.n...^J) u tell me what the difference is between 
staff villlpPlresident and a vice president at R.J.R.? 
A. Never having been a staff vice president, I'm 
l^s^ot sure exactly what the difference is. I would have 
lltaifcb speculate, and I don't want to do that. 

20 Q, Do the Right Decision Right Now, Right 

21 Decisions Right Now materials inform adolescents of the 

22 more than 40 proven carcinogens in tobacco smoke? 

23 MR. SCHROEDER: Objection, form and 

24 foundation. 
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1 THE WITNESS: Your question was -- is all 

2 encompassing. You referred to materials in the total 

3 sense, so my response is that I don’t think any -- I'm 

4 trying to think of any of the materials, and I'm 

\ 

sneaking specifically to posters, curriculum units, 
ult brochures. I don't think, to my recollection, 
at any of. those materials refer to tobacco, cigarette 
tobacco ingjSi^dients, I think was your phrase, m any 
||Lape or fcp 

^ CARBERRY : 





1 

1 

20 

21 

22 

23 

24 


r~ 



11 


Q. DcjW|^se materials, and I'm referring to the 

cisions Right Now materials, inform adolescents 
Ifgpp^shat R. J. R j^jg^J entists identified carcinogenic 


140^dbstances j|#^.obacco smoke as early as the mid 

;Xv.\w.v.v.v^ 


* 


’ s? 



1 

si? 



DER: Objection to the form and 


THE WITNESS: I've told you earlier what is in 

e materials. I have given you an overview and a 
sketch of what is in the materials. You’ve articulated 
a phrasing or a hypothesis that I don’t know is true, 
indifferent, or what. I will just tell you that 
there's nothing that sounds like what you've 
articulated in the materials that I’m aware of -- 
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1 BY MR. CARBERRY: 

2 Q. Do any of those 

3 A. -- in the -- 

4 Q. Let me — 

F" \ 

^ J A. — in the Right Decisions Right Now materials 

you've asked me, and I'm using that in the broad 
JSt ,^ense of the materials . 


Q. 

:hat over 
smokers? 


:ounMion 

t: 

16 ! |I missed t 


cTny of those materials inform adolescents 


XT 


% 



jfercent of lung cancer victims are 


DER: Objection to the form and 


TNESS: Could you reread the question? 




"(Whereupon, the court reporter read back the previous 
e s t i o n .) 

HROEDER: Same objections, also 

objection to the extent it calls for expert opinion. 


% THE WITNESS: Again, you sort of threw out a 

psssiiif 

20 hypothesis or a loose formulation that I don't know 

21 is -- I take no position on the actual formulation you 

22 put out. But, no, I don't believe any of the materials 

23 would refer to a formulation as you've articulated it, 

24 any of the Right Decisions Right Now materials would 
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1 refer to the formulation that you articulated. 

2 BY MR. CARBERRY: 

3 Q. Well, do any of the materials mention lung 

4 cancer at all? 

MR. SCHROEDER: Objection to form. 

MR. CARBERRY: I'm sorry, what's the 


101 







Objection? hv 

(S 


Mj|w. SCHROEDER: The materials speak for 


:hemselves; 




10 to all of 


1 # 



B1 


y say what they say, and you have access 


CARBERRY : 


j Y<pfy^n still answer. 

A. Tills*!#,teria 1 s are what they are, and I would 

eally wan'F'M go back and look at them specifically. 

5 . 

the adu^^ochures there is a discussion of risks 
fcf smokingpJ'J^id I can't -- I just haven't come up with 
the exact wording in my head. So — but if — I would 
ave to go back and just look at the exact materials to 
swer your question absolutely accurately. They may, 

20 but I'm not sure at this point. I would have to go 

21 back and look at them exactly. I’m just kind of not 

22 able to bring that paragraph up. 

23 Q. Do you think that making adolescents aware of 

24 the increased health risks they face if they choose to 
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2 

3 

4 

F v 

1.5 


smoke is an important element of a youth nonsmoking 
program? 

MR. SCHROEDER: Objection to form and also to 

the extent you're attempting to elicit expert opinion. 

THE WITNESS: I can tell you that in the adult 

rochures, particularly the two that speak quite 
lirectly tg^smoking, the How To Talk To Your Kids About 

lot Smoking if You Do and the Tobacco: Helping Your 

r“ 


.wvK' 

10 

h 

iif 


:hild Say both of those brochures we advise 

-arents to their kids about the risks of smoking; 

d, more , I don’t know if they use the exact 

ord jtePilt ^^id of make sure that your kids are aware 


.nd knowle^igp^le of the risks of smoking. 

V 



11 

1 

1 

20 

21 

22 

23 

24 



BYpMR ; , CARBERRY: 

Q. Bgt^^jp the materials articulate those risks, 
or do they^pSSft advise parents to tell their kids they 
are at risk? ' 

MR. SCHROEDER: Objection to the form. And, 

ain, the materials speak for themselves. If you have 
a portion of them you would like to review, that's one 
thing, but I object to the -- these types of questions 
to the extent you're asking him to try to recall from 
memory what's in these materials. I think that is an 
unfair question. 
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BY MR. CARBERRY : 


2 Q- You can still answer. 

3 A. I would like to refer to the materials per se, 

4 because I am trying to pull it up from memory. And so 

$ 

you have the materials, I really would like to look 
:at them directly. 

Q. Ofcg yv^ Do the Right Decisions Right Now 
I materials jnf.qpm adolescents that the surgeon general 
has determd:f?et§ that cigarette smoking is addictive? 

£S> 

A. 



10 

Kv 

i 




, I missed the last — 
itive . 

^ SK3HROEDER: Objection. 

ITNESS: Not the last word, I missed the 





last phra: 




CHROEDER: That the surgeon general has 



1 | 

if 


de termined^lficit cigarette smoking is addictive . 

THE WITNESS: Can you read the whole question 
fback to me again? I think I missed something in the 
fiddle. 


20 {Whereupon, the court reporter read back the previous 

21 question.) 

22 MR. SCKROEDER: Objection to form. You can 

23 answer it. 

24 THE WITNESS: The -- I don't believe the R.J. 
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1 Reynolds Tobacco Right: Decisions Right Now materials 

2 speak directly to the exact formulation you laid out. 

3 I do believe, though, if you go to the R.J. Reynolds 

4 Tobacco Company web site you can see the company's 
Position on that and other related issues and review 
:hat in terms of the company's perspective. 

MR. CARHERRY: I have no further questions. 

ixssW 


HROEDER: Why don't we take a lunch 


ime. 


f 






DEOGRAPHER: We're off the record at 


recess 12:28 p.m. to 1:27 p.m.) 
IDEOGRAPHER: We're on the record at 


EXAMINATION 

-PERRY: 

1|^ Q. Welcome back, Mr. Strawsburg, and good 
l ^^f ternoon. We met earlier this morning, but I will 

20 reintroduce myself. My name is Tamia Perry, and I 

21 represent the plaintiffs in the Falise litigation. 

22 I know this morning you spoke a little bit 

23 about your employment history at R.J.R. I just have a 

24 couple of questions I want to follow up on with respect 
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2 

3 

4 


r6 

% 



to that. 

You stated that you were the marketing 
assistant and that's the first position that you 
started with at R.J.R. Were you responsible for 
Vorking with specific R.J.R. brands during that time 
period? 

A. During the time period that I was a marketing 
ecollection is that I had one or two 
|:king on new products, one assignment 
e period where I worked on the Salem 
ssignment during that time period where 
Winston brand, and so what I'm 
ur assignments within that time period, 
rves me correct, as a marketing 



Q. you moved to assistant brand 

\anager, still work with those two brands? 

A. I'm sorry, I don't understand the question. 

Q. You were initially a marketing assistant, and 

20 then in 1980 you took on the position of assistant 

21 brand manager. During the time that you were assistant 

22 brand manager, did you continue to work with the 

23 Winston and Salem brands? 



24 


A. 


During the time I was assistant brand manager. 


http://legacy.library.ucsf.edSidict4te[(Irltffiffl/|J)ffiMvw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3616 




Strawsburg - Confidential 


10 6 


1 

2 

3 

4 


(5 


my recollection is that I worked on the Winston brand, 
and I believe I also may have worked on new brands 
during that time. I know I worked on the Winston 

brand, and I can't be sure, but I think I worked on new 

\ 

grands, I may have worked on Salem during some portion 
jpf that time as an assistant brand manager as well. 

Who do you currently report to in your 
Position a#^vice president of public issues? 

'’position as vice president of public 
t to Andrew Schindler, who is the 
O of R.J. Reynolds Tobacco Company. 

I think we've established from your 
that one of the goals of the youth 
frams that R.J.R. has is to essentially 
>revent youth from not starting to smoke, is that 

k 

,7"™SdHROEDER: Objection to form. I think he 

said not starting. 

MS. PERRY: I will rephrase so it is clear. 

BY MS. PERRY: 

21 Q. Is one of RJR's youth nonsmoking programs to 

22 prevent youth from initiating smoking? 

23 A. One of the goals of the youth nonsmoking 

24 programs of R.J. Reynolds Tobacco Company is to prevent 



http://legacy.!ibrary.ucsf.efi^i±^d?tp§0/|aalfw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3617 





Strawsburg - Confidential 


107 


1 kids from ever choosing to smoke in the first place. 

2 That's one of our goals. 

3 Q. Okay. Is another goal of the youth nonsmoking 

4 programs to minimize restrictions that axe imposed 

\ 

| 5 Igainst adult smokers? 


re 


A. 


I don’t understand the question. 


Q• I’m asking, is another goal of the youth 


K 


nonsmoking ^programs to minimize restrictions that may 


f ; ^ 

J|>e imposednst adult smokers? 

THROEDER: Objection to form. 

1SS: The goals of the youth 

ionsi ikhki nq^pro’grams that I work on today are to 
irevent, ycu^cLow, as I stated earlier, to prevent kids 


:rom choosi 



o smoke. 


H 


isnate past others may have had other views as 


xo what tth nonsmoking programs at some other 
l ^^p oint in tS^Hnay have helped accomplish, and one of 

those things may have been, I can't recall exactly, but 
l§f®%nay have been that the programs may have led to a more 

MM 

20 open discussion of restrictions against adult smokers. 

21 That may have been one of the things that was discussed 

22 in the past, but that is not something that I have 

23 looked at these programs in terms of what they do. 

24 MS. FERRY: Okay. I ask that the reporter 
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1 mark as Strawsfcurg Exhibit Number 5 a copy o£ a 

2 document with the heading R.J. Reynolds Youth 

3 Nonsmoking Program. 

4 {Exhibit Number 5 

was marked for identification.) 

BY MS. PERRY: 


108 



23 


24 


Q. 


You can take some time to look at that 


K 




ocument, 


x will ask you if you have ever seen this 


rV-i 

c lumen t b^fh-re ? 


ust 


A. (Reviewing.) 

ps,. ; 

Q. I^wpatj’t ask you to read the whole thing. I 


tedUto get a sense of whether or not you've 


seen document before? 


A. 



ewing. ) 


Q. Do ydp recall this document, Mr. Strawsburg? 
A. I : ^^^ot done reading the document yet. 
Reviewing?rT^lCould you repeat the question to me? 
(Whereupon, the court reporter read back the previous 
estion.) 


1 
1 

20 THE WITNESS: Was that the question? 

21 (Whereupon, the court reporter read back the record.) 

22 THE WITNESS: I have seen the document before. 



Q- 


BY MS. FERRY: 

Okay. And if I could direct your attention to 
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1 the second paragraph, specifically the second bullet 

2 point, that paragraph is referencing the fact that 

3 emotionalism surrounding youth smoking has often 

4 resulted in restrictions being imposed against adult 

r' \ 

4 imokers, correct? 

gfessB;! MR. SCHROEDER: Objection. The document 


s fori^itself. 


Bf MR PERRY: 


i%n answer the question. 

first page of the document, there is a 


second -- tHfre would be one paragraph, beginning in 


nd ^p%ragraph, the second bullet point of the 


iecond par 


h reads, "The emotionalism surrounding 


^bhe youth issue has often resulted in 

restrictions that unfairly discriminate against adult 



mokers. 


.ators frequently hold the industry 


i ... 

responsible for underage smoking, despite minimum age 
.aws and convincing evidence that peer pressure and 


1 ^^a rental guidance are the key factors in initiation. 

20 It is assumed, therefore, that reductions in underage 

21 smoking will be accompanied by reduced support for 

22 unfair restrictions being imposed on adult smokers," is 

23 how the paragraph reads. 

24 Q. If you could turn to Page 2 of this document, 
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1 

2 

3 

4 


Exhibit Humber 5, under the heading Program Objectives, 
the first bullet point discusses one of the goals which 
we've already spoken about, which is the attempt to 
discourage youth from initiating smoking, and then the 
Second bullet point discusses an effort to minimize 

f 

additional action against adult consumers. And you 
stated a little earlier that currently it's not your 


,-S 

& 


Opinion 


^outh 


5 ? 


nonsi 



es 



1 

1 

P 

1 

1 

1 

20 

21 

22 

23 

24 



e goals of R.J.R.’s youth smoking -- 
g programs is not to minimize 
posed against adult smokers. Is that 
I what this document reads? 

HROEDER: Objection to form and to 

tion of the testimony. 

TNESS: You’ll have to repeat the 

lestion f , Tamia . 

f 

BY MS, PERRY: 

Q. o|PPjjPPf One of the goals, or one of the program 
objectives that’s listed in this document seems to me 
o be R.J.R.’s -- one of the goals of the youth smoking 
effort seems to be an effort to minimize restrictions 
which are imposed against adult smokers, and I just 
wanted to get a sense from you of whether or not this 
is currently still one of the goals of R.J.R.’s youth 
nonsmoking programs? 
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MR, SCHROEDER: Ob]ection to the form of the 


2 question 


THE WITNESS: I'm sorry, I'm not sure what -- 
I'm confused, frankly, about which goals you're talking 


f J5 ..about. 




gi BY MS. FERRY: 

jgji Q, d ocument states that apparently there are 

two primar^objectives. Specifically with respect to 

*5 

£he second 


.6 leads, one| 



ctive that's listed here, which to me 
he primary objectives is to minimize 
ditional fS|f!!i.on against adult consumers, I’m just 

e^^r or not this is one of the current goals 
th nonsmoking programs? 

SpHROEDER: Objection to form. You can 


>f R. J.R. ’ 




. ^ \ 

1 


15^nswer it. 

««««W 

tIPP^ETNESS : Let's read the document. Under 

le second page, under the heading Program Objective, 
j;he document states, R.J. Reynold's youth nonsmoking 
:ograms, program, excuse me, has two primary 

20 objectives, discourage smoking initiation among 

21 adolescent youth, first bullet point. Second bullet 

22 point, show industry/R.J.R. support for youth smoking 

23 efforts as means to minimize additional action against 

24 adult consumers. That's what the document says. 
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1 BY MS . PERRY : 

2 Q. And now I'm asking you: Is that still one of 

3 the goals of R.J.R.'s youth nonsmoking programs? 

4 Because earlier you indicated that the program which 

('5 ^ou now supervise, that’s not one of the goals, and I'm 
f"6 iust trying to establish whether or not it is or it 
.sn' t. 

$ 

Mk. oCHROEDER: Objection to form and 

r .1 

.on of testimony. 

Tf^ITNESS: I believe what I stated earlier, 

d I^willN^^ to repeat it, is that the primary goal 
bf t^s^^>ro^^Sis that I supervise, as I've articulated 
pearlier, w hy jej arlier in my testimony, the Right 



decisions 




It Now program, as well as our company's 


“involvement iri| the We Card program that I described to 


you, the p|^@^ry objectives, or objective, if you will 
of those cl^Unation of programs is to prevent kids 
; from smoking. We don't want kids to smoke, period. 

As to whether the hypothetical question you 

20 asked, the presence of these programs may in some way, 

21 shape, or form influence an individual regulator or a 

22 legislator or somebody in that nature to not pose 

23 additional restrictions against adult smokers because 

24 of the existence of these programs is speculative. I 
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1 really don't know as to whether that would happen or 

2 not. 


3 

4 

Ts 

% 

FS 

m ■ 

P 

k 


fi 

i; 


l 

i 

l 

p 

l 

i 

l 

20 


This document, although I don't know that 
there's an exact date on it, I haven't seen an exact 
date, but this document predates me, or predates my 
experience and my stewardship of the youth nonsmoking 
rograms at Reynolds, so at that time that's what this 

K 


locument speaks to. 

f"; _ 

mSm PERRY: 




Q 

A. 





this time what I can speak to is that 
oal is to, of our programs, is to help in 

%.he effort this country to reduce the number of kids 

p .S 

Jkho smoke, 'prevent kids from choosing to smoke. 




at's what wefre about. 


Q. T h & pk; you. X believe you testified earlier 

that the Decisions Right Now program is primarily 

| 

^directed towards 12- to 15-year-olds? 

MR. SCHROEDER: Objection to form. 

THE WITNESS: I believe what I testified to 


21 earlier is that the Right Decisions Right Now program, 

22 the pieces that I talked about, the school, in-school 

23 piece, Tamia, that I described earlier was primarily 

24 developed with an audience of approximately 12- to 
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1 

2 

3 

4 


L 



15-year-old kids in mind but that it could be used with 
kids under that age or over that age. 

The other piece of the Right Decisions Right 
Now program that I talked about, that I recall talking 
about, was the adult brochures. Those were developed 
^ith the adult in mind in terms of they were written 
gllior an adu^.t to use. 

J. iNrfouid also want to clarify that the 

S&: ^ J 

curriculum the curriculum units that I described, 

the study g uide per se was written for a teacher to 
e, and o^^^^isly I'm assuming a teacher is an adult 
i.n tHtW co^t^xt, and that the, excuse me, that the 

« p«8Sf 

.ctivity s&iaefe® were written more for kids in a 


lassroom e as activity sheets and that the 

osters th at ai re part of the program that I described 


o you ear 


IP were designed for kids to view. So I'm 
frying to clarify, you know, which audience which piece 
as primarily designed for, 

4 None of that excludes that kids can read the 


20 parental brochures and get good advice or that parents 

21 could read or look at the posters and get good advice 

22 or get the message. None of that precludes that. It 

23 is just that that's who they were primarily intended to 

24 speak to, if you will. 
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115 


2 Q. Now, the curriculum units and the wall posters 

3 that you spoke about, those materials are given out to 

4 junior high schools and middle high schools as well? 

7 " \ 

y5 J A. The curriculum units, I referred to them as 
^ s tudy guides, because that's really the whole package 
:here, the^study guides and the posters, our tradition 

las been t jama’ll one study guide and three or lour 

\ r" 

? i ■'“f"' | 

>osters each semester, once in the spring and 

>nce in th yLl, to the majority of -- the vast 




I---., 


Ljority ol 


)lic middle and junior high schools in 


-he ® 0 ®ytedstates . 


1 

1 

1 

p 

1 

1 

1 

20 



W^j^ve six total curriculums, and I think 
.t's over frozen, around 12 to 14 posters. So we 
lion 1 t mailf ou^i the entire set every time. We mail one 
|curriculun ^M |de, and I think it is three or four 
posters atNa^§ime. And the posters are in both the 
large size and the small size . And they are mailed to 
t|ie public middle and junior high schools. We mail 
them to over 90 percent of the public middle and junior 


21 high schools in the United States. 


22 


Q. None of these materials are mailed to high 


23 schools, though, correct? 


24 


MR. SCHROEDER: Objection. You can answer. 
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1 THE WITNESS: The list that we use developed 

2 with the eye towards trying to focus on middle and 

3 public junior high schools. I am, though I can't speak 

4 of a specific instance, but I would imagine there are 









[8 


£n awful lot of schools out there that are, you know, 1 
ess in the old days we used to kind of call them 
omprehens^ve schools, that would be maybe seventh 
rade through twelfth grade, particularly some of the 

; w- | 

Smaller ■ So in that case I would hope that it 


R 

i: 


Would go 



t school, and, therefore, you could say 


1< 

1! 

17; 

1 

1# 

20 

21 

22 

23 

24 


at includH^Wiigh school students as well. So it does 
each^ ; i' m Aire, if you're, as I think you are, you're 
sking doe^^yy reach high schools or high school 
tudents , vsSraT; it can in some cases or it would in some 
cases. ^J 

T^^|;her thing is that in the development of 
the list aS^ to' what schools to mail to, letters often 
o out to a superintendent of a school district, so the 
superintendent would be aware of who would have, you 
know, not just middle schools, but would have high 
schools, would be aware of the materials and could 
appropriately direct it to the high school, or a high 
school. 

So the materials can get to high schools. 
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1 There’s no effort to exclude them from high schools 

2 They can get there. 

3 BY MS. PERRY: 


117 


4 







Q. Do you think that students in high school have 
he same level of access to these materials as junior 
igh school and middle school students would have? 

MR*. SCHROEDER: Objection to form. 

Til WITNESS: Hopefully the school district, 
aving reclW^ the materials , will have used the 
materials to ; '^ach students, both in middle school and 
tentiallyhi^h school; but in particular I would hope 

hat ^^tuJlIit in high school, and I'll just, for 

# pMg 3 J 

rgument'define high school as, let's say, 





1 

1 

1 

20 

21 

22 

23 


, ele-p&nht/ twelfth grade, for sake of this 
rgument, is^itbat the student who has reached high 


chool has|^l|rl%ady been exposed to the materials and 
he teaching of the curriculum units in the middle 
chool system prior to getting to high school. 

So my hope would be is that because we 
provided them to so many of the middle schools, is that 
by the time a kid reaches high school, he or she has 
already been exposed and seen the posters, been taught 
the curriculum units. 


24 BY MS. FERRY: 
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1 Q. Other than the youth nonsmoking programs that 

2 you spoke about today, does R.J.R. have any additional 

3 youth nonsmoking programs that it intends to implement 

4 in the future? 

s'-" \ 

"5 1 MR. SCHROEDER; Objection to form. You can 


answer it 



THE WITNESS: There is always an opportunity 


hat scmewirfe down the road there will be other 



programs that vwe may implement or add or do. 

1 currently looking at a couple of 


rograms 


or two programs are in the developmental 


i The$& may or may not come to implementation. 


I'm hopefultbat some of them will, but they're not 
fully deve^^^d yet and they may not make it. 

I'would also add that we receive, I won’t say 


a lot, but| 


io receive inquiries from people who want 


^us, people-on the outside who want us from time to time 

s? 

to support a program they have. So I do get those 
inquiries from time to time. I assume I will continue 
to. So I wouldn't preclude that we would never not 
choose one of those. There might be a program out 


there. 


So I think in fairness to your question is 


24 there are some programs I hope come to fruition that we 
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1 can add to our current list of programs, as well as 

2 some enhancements to the existing programs, if you 

3 will, or existing materials in the programs, But some 

4 of them haven’t yet panned out yet, if you will, or 

|5 -Ihey’re still in development, I guess is a fair way to 


i 



>ut it 


Q- 


BY MS . PERRY : 

K, . 


you aware or familiar with R.J.R.'s 



osition o 


;r' 

5 ^ 


A. 



,Kv 


can 


1 < 

11 


stions relating to smoking and health? 
amiliar with, and aware of, a web site 
ached as the R.J. Reynolds Tobacco 
hoipe web site where R.J'. Reynolds Tobacco 
ompany la|s"o|it its positions on a variety of issues, 
ncluding wh©%' I take you characterize as smoking 
health is s ues 7^- I think is the phrase you used. I r m 
ware of a yaateg site that does that. 

Q. Af'^'^bu aware of what position R.J.R. takes on 
those issues? 


A. Yes. I'm -- 

20 MR. SCHROEDER: Let me interject an objection 

21 just to be clear. He is not being offered as an expert 

22 on science and smoking and health. He is in charge of 

23 youth nonsmoking programs. 

24 THE WITNESS: Could you repeat the question? 
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1 (Whereupon, the court reporter read back the previous 

2 question, ) 

3 THE WITNESS: I'm aware of positions that 

4 R.J.R. takes on a number of issues that includes some 

F’ \ 

^^ssues that I think you might characterize as smoking 

r 

6 and health. 

BY*. MS. PERRY: 


Q. H<|w w.puid you describe a blue collar worker? 

REPORTER: I'm sorry, I didn’t hear 


10 you. 



BY MS; PERRY: 


Hjih wpuld you describe a blue collar worker? 


: Objection to form. 


T$ElWfCTNESS: A blue collar worker is someone 

ike my unpl^t^l my Uncle Jim in Indiana, who is dead 



ow. Uncll 


worked at the Firestone plant in 


esville, Indiana. He, I believe, was a maintenance 


i SL^ d-ndividual with some of the tire making machinery they 


at that plant. 

20 He literally wore -- I should give you a time 

21 frame. This is 1960’s, 1970's when Uncle Jim was 

22 working and when I'm using in this characterization. 

23 He had a uniform that was a blue shirt, blue pants, 

24 with a name tag. 
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1 I can remember as a young man in the ’ 60 ' s 

2 and '70's being over there in the summer in Indiana and 

3 visiting my aunt and uncle and he getting up and going 

4 to work early in the morning and coming back. 


y \ 


He was a union worker, and he to me epitomized 


„ue collar workers, great guy, smart, hard working, 


'7 braised a l^ge family, dedicated father, parent, 


lusband, aKreal great guy, salt of the earth guy. 


hat's my 


:onsider 



[1 of prototype and model of what I 


a blue collar worker. 



rorkers ? 


BY wrl PERRY: 


a blue collar workers include asbestos 


* oCHROEDER: Objection to form and 

. jvtvwwm 


15 w foundation, 




TNESS: I don’t know, because I don't 


now what you mean by "asbestos workers." 


BY MS. PERRY: 

1 C2|:sg Q • Do you recognize a distinction between blue 

20 collar as opposed to white collar workers? 

21 MR. SCHROEDER: In what sense? 

22 THE WITNESS: Yeah. I was going to say -- I 

23 wasn't going to say that. I was going to say could you 

24 clarify the question? I don’t understand what you mean 
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1 

2 

3 

4 
f5 



1 

1 

if 

20 

21 

22 

23 

24 



by "distinction." 

BY MS. PERRY: 

2- I guess there's several ways you can 
distinguish a blue collar worker from a white collar 
Vorker. Say if we take educational factors. Would you 

r 

recognize a distinction of education level reached by 

! 

blue collar workers as opposed to white collar workers? 
I A. r^. y§u have a specific example or specific -- 

n | 

Education kind of broad.. 

I Q. 'ust speaking in terms of education level 

; i \ 

nd the ed|&^p^io^ level that typically a blue collar 
orkisjwovlfflehieve as opposed to a white collar 


^worker. 

1^^#BCHR0EDER: Object to the form. 

^""'WITNESS: I'll start by saying, I don’t 

if t Harr is such as thing as a typical blue collar 
worker or ll^rfpical white collar worker. 

I’ve heard both of those phrases before, 
obviously, blue collar and white collar. They're 
traditional terms in this country. They've been used 
for — ever since I can remember to describe groups, 
very, very broad groups of people. 

I would think, again, we're creating sort of a 
prototypical white collar/blue collar, which I don't 
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1 think is necessarily correct. 

2 But a white collar worker, most people would 

3 probably think, I would guess, that a white collar 

4 worker has maybe gone to school more years on average 
f5^than a blue collar worker, that a white collar worker 
f£ may have a year or two of college attendance, or maybe 

‘ven a college degree, whereas a blue collar worker 

i 

>robably hdplrgraduated from high .school and may have 


.ome experM^ at a technical college, maybe for an 






Lssociate' 


free, that kind of distinction, 
think it would be -- I think it is kind 
)f tQi^ati tqi^raw a real distinction between an, an 

__M 

>solute distinction between the two groups m terms of 
‘ducationalgfftainment in such a broad definitional way 
:hat you've po^ed it. 

PERRY: 

Q. Ajfe^yCu aware that the surgeon general of the 
United States has issued several reports addressing the 
effects of smoking? 

20 A. I am aware that the surgeon general's been 

21 issuing reports, I believe since 1964, I believe that's 

22 the starting point, on smoking, and I believe they're 

23 issued every year, and they’ve ranged on a variety of 

24 issues, a number of them smoking and health issues. 
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1 

2 

3 

4 


; 5 


f6 



1 

1 

1 

P 

1 

1 

1 

20 

21 

22 

23 

24 


% 


124 

other issues relating to smoking, but there’s a number, 

number of reports that have been issued. 

Q. Have you at any time familiarized yourself 

with any of these reports? 

MR. SCHROEDER: Objection to form. 

THE WITNESS: Could you rephrase the question 

r restate.the question? 

B fH PERRY: 

estate it. Have you ever read any of 
eral's reports? 

read some of the reports and, more 
ieces of some of the reports. I most 
] not read every report ever done, nor 
ery single page of every report, but I 
liave, over^ the) years, read pieces and parts of some of 
e report|i^^| 

Q. DO^yoti recall if you've ever read the 1985 
surgeon general’s report? 

A. I don't recall which one the 1985 was. Could 
you give me a title? 

Q. Yes. I'll actually mark it as an exhibit. 
(Exhibit Number 6 

was marked for identification.) 

MR. SCHROEDER: I think I could have saved you 
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some shipping charges. This is about the twentieth 
copy that's been interjected in this case. 

MS. PERRY: I would ask that the reporter mark 
as Exhibit 6 a copy of the 1985 report of the surgeon 
eneral entitled "The Health Consequences of Smoking, 
ancer and Chronic Lung Disease in the Workplace." 


T&E WITNESS: I’m sorry, was there a question 


• 


in there? 


HROEDER: She hasn’t asked you one yet. 

B I. PERRY : 




Q. I Hyde finitely not going to ask you to read 
:his . But just looking at the cover page 

A. I teafeal rness. I don't like to answer questions 
n documenf^^^iat I haven't had a chance to read or 
unde r s tand ^bh aj full context of the question. 

Q, I understand that. But I'm not going 

I ggy o ask you -- I just want to direct you to specific 
l^^parts of the report, and I’m not going to ask you to 
lCjl answer anything that you don't want to answer. But I 

20 wanted to direct your attention to Page 11 of the 

21 report. 

22 A. Tamia, you're going to have to help me. There 

23 aren’t any page numbers on -- there they are. Is that 

24 them at the bottom? 
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i 

i 

| 

l 


i 


1 

2 

3 

4 


Q. The page numbers — 

A. They're Roman numerals? 

Q. If you proceed a little further throughout the 
document -- 


r6 


It 


K 



MR. SCHROEDER: They will turn into regular 

f 

numbers, I think, at some point. 

THE WITNESS: Okay. I've got a page number 

:hat' s got pP^&man numeral xi . 

MijgJSjRRY: No. We looking for the -- 

ILEY: The Arabic 11. 

HROEDER: It is about a pound and a half 

paperwork, I think. 

r \ i 

TflPmTNESS: Is it in Chapter 1, Tamia? 


MRp^s&CHROE DE R: Yes. 
PERRY :: 


Q. a heading on the page "Occupation and 

moking BefilPPiPpr in the United States: Current 
stimates and Recent Trends." I just wanted to ask 


into 



1 ^ou, with respect to the surgeon general's first 

20 conclusion on that page. Number 1, he's concluded that 

21 there's a higher prevalence of smoking among blue 

22 collar workers as opposed to white collar workers, and 

23 I just wanted to ask you if you were aware of that 

24 conclusion? 
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1 A. Allow me to read this page, please. 

2 (Reviewing.) I've only read Page 11, so I may have to 

3 read some more. 


Q- Okay. 

A. Could you bring me back to your question. 


f"6 please. 



MS. PERRY: Could you repeat the question. 


^(Whereupon^ the court reporter read back the previous 


"j Question. )U> I 


MR 1CHR0EDER: I'm going to object to the 


1 Inform. Anc 


ft to make sure I understand, you're 


ski&S2hiirf3|nether he ' s aware that the surgeon general 


IXmic oncluded ^whai| he concluded in the 1985 report in 


1#1 '^198 5 ? 


sp- i 

ywi TwwwJf 


1 mS'T'"'PE RRY : Right. 

T:HE..„iW ITNE S S : That was 15 years ago. I don't 
l^m^recall beii^^liware of that specific conclusion of the 
igsurgeon general on Page 11 of the 1985 surgeon general 
ll^ceport in terms of recalling specifically the surgeon 


20 general saying that, but I may have — I couldn't rule 

21 out that I may have heard that or read that in a press 

22 report about the surgeon general's report at that 

23 time. It could have happened. 

2 4 BY MS . FERRY : 
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1 Q. Are you aware in general o£ the conclusion 

2 that there's a higher prevalence of smoking among blue 

3 collar workers than white collar workers? 

4 MR. SCHROEDER: I'm sorry, just to make sure, 
'5 yas he aware in '85 that there was that conclusion? Is 


that your question? 



MS. PERRY: Is he aware then or now that 


:here' s a 


:ollar worfeeJ*; 



ir prevalence of smoking among blue 


HROEDER: Object to the form. 


SS: Yes, I’m sorry, I'm just having 


tinjja figuring out your question again. You've 


of pieced;a couple of questions toqether, is what 



m hearim; 




WftVAWlMtoy 

BY J4S\ PERRY: 

Q. want to know if you are aware of the 


act that blue'collar workers have a higher prevalence 


of smoking than white collar workers? 

^ , MR. SCHROEDER: Objection to form. 

§i^ 

THE WITNESS: I’m just trying to think about 
the smoking rates. I will say this, I am not -- ask me 
the question again, I r m sorry. Am I aware of? I'm 
sorry, I just -- 

(Whereupon, the court reporter read back the previous 
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12 9 


1 

2 

3 

4 

fS 

s 

kg 

f 

% 


■ 9 



IT 

i: 



11 

H 


question.) 

MR. SCHROEDER: Same objection. 

THE WITNESS: I can’t be sure of my awareness 

in 1985, okay? I can't recall a hundred percent. But 
''I was probably, in that time period, generally aware 
that there were a lot of smokers in this country, adult 
gmokers in this country who would be characterized by 
gome peopl^pflilfi blue collar and that there were a lot of 
|rmokers in^|py^ country, adult smokers in this country, 
*’ho would j^^aracterized by some people as white 
pilar andprobably there were more, if one were 
o t cffaj . u p e probably were more blue collar 
^mokers than white collar smokers, if one characterized 
hem that y But I can’t recall specifically in 

.985 that jNsceSl, lection. But I wouldn’t be surprised if 


that was i 



set of information at that time 


AdP’lw today, I think you asked me, I don’t 
Ideally recall -- I think the answer is, no, I’m not 
19^^eally specifically aware, I haven't really looked at 

20 or even, you know, thought about white collar, blue 

21 collar, if those characterizations were used today, as 

22 to how that would break out in terms of percentages or 

23 numbers or comparisons, relative comparisons. 

24 As I testified earlier, I’ve been out of the 


http://legacy.library.ucsf.e^WticK^q®iTlpaO'/|aclitrw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3640 




Strawsburg - Confidential 


130 


1 

2 

3 

4 

■5' 

rg 

liv. 




marketing area for coming on five years, coming on six 
years, actually, and my focus in the last couple of 
years has been solely on youth nonsmoking and 
preventing youth from smoking, so I haven't made myself 

> ware of, you know, adult smoking rates and issues and 
yho is smoking, necessarily, other than the broad 
licture. . 

PERRY: 

rvi 

Q. Aipegls^u aware that blue collar workers on 
iverage te ^^^ > start smoking earlier than white collar 
irkers? 

M^SCHROEDER: Objection to form. 

T TNESS: Is there a specific study or -- 



1 
1 

1 

P 

17 
1 
1! 
20 
21 


Btfg, PERRY: 



Q. 

report. Y 


.-.VO.. 

I.ca^ direct you to the surgeon general's 

[18^n turn to Roman numeral XI, which would 
'be towards' the' beginning of the document. 

A. Is that XI? 

Q. Yes - 

A. Okay. I am on Page XI. 

Q. I’m specifically interested in the second full 


22 paragraph, which begins with the words, "on average," 

23 and in there the surgeon general is concluding that 

24 blue collar men initiate smoking approximately 14 
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1 months earlier than white collar men. Is this fact 

2 something you were ever aware of, not necessarily in 
1985, but just in general? 

MR. SCHROEDER: Objection to form. 

THE WITNESS : Allow me to read the whole 
ontext of the paragraph that you cited. (Reviewing.) 

MR. SCHRCEDER: While you're reading that, I'm 


3 

4 

ir 


% 

38 # 


k. 


p 

10 " 


joing to olfjact also to the extent these are questions 

f" "p 

esigned tc|ii^JPi.ci t expert opinions, because Mr. 

i"' V 

trawsburg|i£ |iot offered as an expert in the 




I S 

fevalence of smoking . 

TIp§§|WITNESS: (Reviewing.) Okay, I've had an 

read most of Page XI. I’m sorry, Tamia, 
< me the question back, please. 


^jpportunit 
:ould you 



^sv.vv.-,- 


T\ 



11 

1 


'(Whereupon^ th£ court reporter read back the previous 

I 

question. )p 

..SCHROEDER: My same objections. 

THE WITNESS; The paragraph reads, that you're 
1#**“ referring to, "On the average, blue collar men initiate 

20 smoking approximately 14 months earlier than white 

21 collar men. We know from existing studies that an 

22 earlier age of initiation is strongly correlated with 

23 increased mortality for lung cancer and chronic lung 

24 disease, as well as for most other smoking related 
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1 diseases. Even with this earlier age of initiation, a 

2 substantial fraction of blue collar workplace begin 

3 smoking coincident with their entry into the workers 

4 and blue collar workers are less likely than white 
^5 foliar workers to be able to successfully quit 

f'6 smoking. 

I 

I was not -- I am -- I was not aware of that 

I . 

paragraph what the surgeon general is stating, I 

i •Nscefw' > 

ess as a^j^lusion, although I don't know he's 

.AV. .-jzi 

tating hi ^g^ ndusion, but I was not aware of that 



p 


?:s' 



?ecific information, no. 

B IS’ PERRY: 

I ^3 

Q. T jsbrgeon general at Page, if you want to 
, I'm just going to ask you a 


numeral or Arabic? 


urn to Pa 



tion 


A . 

Q- 

A. I'm there. 

Q. Looking at under the heading "Age of 

20 Initiation," the surgeon general is reporting the 

21 earliest ages of initiation of blue collar workers, and 

22 this text goes on to Page 30, and you would agree that 

23 he's concluding that the earliest ages of initiation 

24 seem to be somewhere in the 16-year-old range, 
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1 correct? 


MR. SCHRCEDER: Object to the form. It is not 
his role to agree or disagree with whatever 

interpretation of the surgeon general's report. 

\ 

THE WITNESS: I'm going to read the 

paragraph. You said Page 29, heading "Age of 



nitiationl? 


:RRY: Correct. 






paragraph 6 


^CTNESS; Through what section? 


1RRY: I was just reading the first 

ige 29. It goes over on to Page 30 


TP^ WITNESS: Okay. Let me look at that. 


[Reviewings 


)kay. I’m sorry, I’ve read it now. 


bould you rebeat the question or give me the question? 
,(Whereupon : , the court reporter read back the previous 



estion. ) 1 


. SCHROEDER: Same objections, objection to 


THE WITNESS: What’s stated on Page, beginning 

20 on Page 29 under the heading of Age of Initiation is as 

21 follows: "Men employed as blue collar workers initiate 

22 smoking approximately 14 months earlier, on the 

23 average, than men employed in white collar occupations 

24 (Table 8}. The earliest ages of initiation are 
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1 reported by men employed as laborers (16.5years) , 

2 operatives or kindred workers (16.6 years) or craftsmen 

3 or kindred workers (16.8 years). Men employed in 

4 professional, technical or kindred occupations or as 

T X 

> £ 

^jj nanaqers or administrators, sales workers or clerical 

F ; 

kindred workers, report later onset of smoking, 

k. 

fF ^ranging 17.7 and 18.1 years of age. That's 

the s^jrgepn general stated. 

5 ^ V 

sIFtS. PERRY: 

this statement seem to indicate to you 
r workers initiate smoking at least 
chool or, in some cases, probably prior to 

.■ 

1 

1 


10 





ir4at blue r 



^ § 

|high scho 



SCHROEDER: Objection to form and, again, 

ihe ’s not hg^s^#to interpret the surgeon general's 



^reports. 

1^^ THE WITNESS: I read the paragraph to you 

lIw^This is a 1985 report. The surgeon general's 
liK^^onclusions are what they are and they speak for 
20 themselves. 


21 


BY MS. PERRY: 


22 Q. I'm asking whether it would indicate to you 

23 that, with respect to blue collar workers, they would 

24 initiate smoking at a point when they were either in 
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1 high, school or, in some cases, prior to high school? 

2 MR. SCHROEDER: Same objection and now asked 

3 and answered. 




THE WITNESS: I really have to go back and say 

%ain that what the surgeon general said in the 1985 
leport is laid out in that paragraph, and it's -- it 
fays what ift says . 

s' 






FERRY: 



Q. W< 


10 taken into 



Iny of the conclusions in this report 

I 

|unt by R.J.R. in developing its youth 


11^nonsmoking Scrams? 



: Objection to form. 


TNESS: Could you ask the question 


14 i ^Nlgain' 



Whereupon ^ the court reporter read back the previous 


lestion.)I 



11*^ MR. SCHROEDER: Same objection. 

1 ^8d THE WITNESS: The question is vague. It 

l^^iesn 1 t say which programs or when. I'm going to 

20 answer the question that I don't know if it was or was 

21 not. It may have been; it may not have been. I don't 

22 know if this specific report, the 1985 report on cancer 

23 and chronic lung disease in the workplace, was or was 

24 not part of the development process. 
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1 BY MS. PERRY: 

2 Q. Okay. So you're not aware of whether or not 

3 the conclusion that blue collar workers, on average, 

4 initiate smoking in the age range of 16 was a fact that 


.5- 

i 5 


yiras taken into consideration for purposes of the youth 

W 

jjonsmoking programs? 

MR. SCHROEDER: Objection to the form. 

K | 

Tlfi^wlTNESS : What I just stated, I thought, 

s 

it aware that -- aware or unaware of 
ort was in any way utilized in the 

this case the early development, of 

I, 

Tobacco Company youth nonsmoking 



, PERRY: 

i 

■s R.J.R. have any youth nonsmoking programs 
ijjiared towards blue collar workers? 
2HROEDER: Objection to form. 

THE WITNESS: I thought I testified very 
:learly earlier, the -- as to the scope and the scale 

20 of the youth nonsmoking programs. 

21 Let me paraphrase and bold that down, my 

22 earlier testimony. The Right Decisions Right Now 

23 program, the portion that is designed to reach public 

24 middle and junior high schools, is primarily designed 
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1 to reach kids in the 12 to 15 age range; and since we 

2 provide those materials to over 90 percent of the 

3 public middle and junior high schools in the United 

4 States, I would hope, or I believe it is reasonably 
f5 accurate to say that probably at least that rough 

Mi#' 

fB percentage as many kids in the United States have the 
^o pportunity to be exposed to these materials, which 


rould be tj&e majority of kids in the U.S. 

^ -- moving on, the adult brochures that I 

poke to yo- earlier are again, as I said, available 
r adultsp^^ |use in speaking to their kids to prevent 

MM ^ 

hemIjfnpm ^posing to smoke, prevent them from 

# MM 

moking. Arui ithey' re available to anyone regardless of 

you will, blue collar, white collar, 
owever that ypu want to phrase it. 

fhe We Card program that I spoke to you 
about is d^ff^ned to train retailers, who then go back 
and train other retailers and clerks, to prevent the 
IS^jsale of underage -- prevent the sale of cigarettes to 

20 underage kids in this country. And that program is 

21 nationwide. It has basically -- it is in every state, 

22 that I'm aware of. So it reaches a broad cross-section 

23 of American society in that regard. That's who the 

24 program is designed to reach, in a very thumbnail 


14 

<s 

15 

1 

p 

1 
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1 sketch. 


2 BY MS. PERRY: 

3 <2- How much money does R.J.R. spend on its youth 

4 nonsmoking programs? And if it is easier to tell me by 
( 5 ^rear , that' s f ine . 

fB j MR. SCHROEDER: Was this not covered in 

^nderson? .I thought this was dealt with in the 

iderson tptiisfcripts . 

r* ^ 

W ! 

l “ 



.f you cou 





1 

1 

1 

1 

20 


RRY: I don't recall; but if you know, 

st tell me. 

SS: I will, I will tell you what I 

now |L^vioa&sijf. and with the caveat that my numbers 
|nay not be^gtpapise , so I reserve the right to 
arginally^fete the numbers. 

The l^rst thing to take into account is that 
R. J. Reyno^^Tobacco Company has made, and will 
'continue to make over 25 years, a significant, huge 

payment of money to the 50 states in this country as 

I 

rt of the master settlement agreement. 

Although the exact number over those 25 years 

21 will be determined by a number of different adjustment 

22 factors, in a nutshell, we will pay approximately -- we 

23 will pay basically roughly our market share averaged 

24 kind of over those 25 years of approximately 250 


http://legacy.library.ucsf.efiU>tii±f^qdflp0O/pdfw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3649 




(5 


1 
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20 
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23 
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1 billion dollars, 246 to 250 billion dollars. And I'm 

2 including in here the four states that settled prior to 

3 the MSA settlement. 


So if our market share, just for our sake of 
^.llustration here, let's say our market share averages 
5 percent over that time period, we would roughly pay 
5 percentpf 246 billion, which is going to be 60 
;ome -- 62^billion, something like that, over the next 





couple years and next 2 5 years, to the 


5 years, 
tates. 

^ T^^^^noney can be used for youth nonsmoking, 
nd #mbul<3®%ssiime that some of that money would be 
sed for nonsmoking, and I hope it will. 


M4 


i~^pecif ically, and I, unfortunately, I’m 



orry I caemember the exact payments that R.J. 
eynolds T|i§pil§|:o Company has already made to that part 
the MSA^'since 1998, but it's going to be in the 
illions, as opposed to millions. 

^ In addition, the MSA calls for, and we 

provide, specific funding as part of -- as being a 
signatory of the MSA, specific funding for the National 
Public Health Foundation, which is now known as the 
American Legacy Foundation. And the industry provides 
for that foundation, the four signatories to the MSA, 


http://legacy.library.ucsf.eclSidict4te[(Irltffiffl/|;vBMvw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3650 




Strawsburg - Confidential 


what I’m referring to as industry, 25 million a year 
for ten years since the signing for the base operations 
of the foundation and then a total of 1.45 billion, in 
other words, 1 billion, 450 million dollars, I believe 
is the number, over five years since the signing of the 
specifically for the activities of the foundation. 

|| And as I spoke earlier, testified earlier, the 

y ; ... 

primary minion of the foundation is to prevent kids 



r........ i 


rom choos 


o smoke in this country, the f^ame 


mission th£tru'j have on the Right Decisions Right Now 


ogram. 


Reynolds Tobacco Company's portion of 


:he foundai 


■specific payments to date is going to 


>e, let's 1 think, since we're in 2000, it was 

signed in 4.9 98], that the industry has probably turned 



ver 600 m 


n at this point. I’m going with my best 


"estimate. ^Our portion of that is around 25 percent, so 
y/e would have probably paid around 150 million dollars, 
'provided 150 million dollars to the youth nonsmoking 
activities and programs of the American Legacy 
Foundation. 

So as a starting point, in terms of answering 
your question, I would argue that 150 million dollars 
of our moneys, our revenues, have gone already into the 
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1 budget, the youth nonsmoking budget o£ the American 

2 Legacy Foundation. And I may have my payment schedule 

3 off a little bit, but we can go back and double check 

4 that. But I think that is pretty accurate, at least 

Qj^^phat’s the intent of where we should be at this point 
0>.in time. 

Specifically -- Reynolds specifically, in 

erms of the programs that I work on, that I’ve 

i f 

utlined earlier, our total budget in the year 

000 is -- t now it’s right at about 3 million 






ars , a 




that’s plus or minus a little bit. X 
aver^1§| re ap^ lv factored in my salary or the overhead 
ssociated^wit|i me or the salary and overhead of one or 
wo of the^individuals I spoke to earlier that work on 

mv.v.v.v 

he program ih\ the company, but it is basically three 

if# 

illion, p^^p^r minus a couple hundred thousand, if 
you factor^'in^hose kind of expenses, if you will. 

BY MS. FERRY: 

Q. Okay. Sir, you stated earlier that you began 

20 your career with R.J.R. in the marketing department, 

21 and I just wanted to ask you a couple of questions 

22 about things that you did in the marketing department. 

23 And I understand that that was several years ago, but I 

24 just have a few directed questions that I want to ask 
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1 you . 

2 
3 


MR. SCHROEDER: Are we done with this? 


MS. PERRY: Yes. 


f" 



MR. SCHROEDER: Can we move this out of the 

\ 

ay, since it's -- 

si THE WITNESS: Axe we near a break? 

MS^. PERRY: We can take a break. 
tIIs WITNESS: I just need five minutes. 

lOGRAPHER: Off the record at 2:33. 

:s 2:33 p.m. to 2:41 p.m.) 

^ ■ J Exhibit Number 7 

was marked for identification.) 

(P$|i8fe|3- Carberry exits the proceedings.) 
T^ifDEOGRAPHER: We're on the record at 


B 


PERRY : 


Q. I have asked that the reporter mark Strawsburg 
I l ^^E xhibit 7, what looks to be like a memo to N.W. Glover 

1 R^-ivfrom R.A. Kampe and M.G. McAllister with a subject 

20 heading, New Winston Pull Flavor Advertising Campaign 

21 Management Summary. This document has a date of April 

22 23rd, 1979. 

23 A. I'm sorry, what did you say -- the date is not 

24 a good copy on mine. 
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Q. It is cut off a little bit, but I will 
represent to you that the correct date is April 23rd, 
1979. If you turn to the second page, the date is a 
little bit more readable. 


A. Okay, I've got you. (Reviewing.) 

Q. Would you like an opportunity to review this? 
A. Yes, Tamia, thank you. (Reviewing.) 

K, 

MWSPffcHROEDER: Tamia, you're paying for the 



apes, so it is your option, this is about a five-page 


ocument, do you want to go off the record and come 


ck on w 


s done? 



1RRY: Sure, we can do that. 

;HROEDER: That will save you some tape 

[DEOGRAPHER: Off the record at 2:47. 



: 55 . 



tece'ss 2:47 p.m. to 2:55 p.m.) 


:DEOGRAPHER: We're on the record at 


BY MS. PERRY: 


1^^ q. Prior to today, have you ever seen this 

20 document that we've marked as Exhibit Number 7? 

21 A. I do not recall seeing this document that is 

22 marked as Exhibit Number 7 prior to today. 

23 Q. Are you familiar with the individuals that are 

24 listed on this document? It is addressed to N.W. 
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1 Glover. Are you familiar with who Mr. Glover is? 

2 A. Yes, I think I know who Mr. N.W. Glover is. 

3 Q. And are you familiar with what he did at 

4 R.J.R. in 1979? 

/5 \ A. I’m. generally familiar. I’m not sure of his 

?■■■€ exact title. 


% Q. How about Mr. Kampe and Mr. McAllister, are 

th the positions that they held at 


amiliar with the individuals. I am not 
the precise positions they held at that 
w who they are. I know who the men 
Kampe .. 

thank, you. This document references, 
t appears se a management summary addressing the 

itiew Winsto n.,.Jiul l flavor advertising campaign. Are 
anagementWWnaries something that was performed 
regularly at R.J.R.? 

MR. SCHROEDER: Objection to form. 

THE WITNESS: The document is titled New 

21 Winston Full Flavor Advertising Campaign/Management 

22 Summary. That’s what it says on its face. 

23 BY MS. FERRY: 



1 

1 

1 

20 



24 


Q. Are you aware — I'm just trying to get at 
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J 


1 whether a management summary is something that was 

2 typically a document that was produced by R.J.R. 

3 employees? 

4 MR. SCHROEDER: Objection to form. 

5 J THE WITNESS: You’re going to have to help me 

put on the question. I'm not quite clear of the 

estion. w 


3? MS. PERRY: 


io 


Q- i 

:hat was t 




advertising 




anagement summary a type of document 
jhlly prepared to address different 
paigns? 

SCHROEDER: Objection to form. You can 

nswer. 

TII^I&ITNESS : A management summary may be a 

type of do cume nt that was, you know, produced or 
.eveloped i^^ihose days, but I don't know -- I can't 
ecall how typical it was, is what I'm responding to. 
iut clearly this is, on the face of it, that’s what 
is document is, or that’s what this document's 

20 subject is stated as being. 

21 BY MS. PERRY: 

22 Q. Are you aware of whether blue collar workers 

23 were considered prime targets for R.J.R. cigarette 

24 products? 
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1 MR. SCHROEDER: Objection to form. 

2 THE WITNESS: In the context of this document, 

3 on the last page, Page 5, the document on that page, 

4 Page 5, under the heading B, that paragraph reads, "The 

jr \ 

[5 Jaulti-occupational approach provides greater 


opportunity to provide the emulatable association with 
jiiiur prime prospect in terms of ' the type of person that 


[8 Smokes WinJxon.‘ We are targeting at blue collar men. 
fe want th«£18ili^presented as a cut-above - not a mirror 

:tually what they actually live/do. 


Linage of h 



K 


111 


ere is noT 


14 

15 


ver f 
illion 
mokers." 


le' Winston smoker. Rather, there are 
Winston smokers plus an additional 1 
flavor smokers we want to become Winston 




li 

1 ! 


So injanswer to your question, what I read 
ere is wllli. ti|:h.e document says. I think that’s in 
esponse t<^our question. I don't recall, I could 
ook, in the document whether it -- I believe you used 
e phrase blue collar -- 


20 


BY MS. PERRY: 

21 

Q- 

Yes . 

22 

A. 

-- targeting blue collar? 

23 

Q. 

Yes . 

24 

A. 

Whether it speaks to that 
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1 document. Let me scan it real quick. 

2 (Reviewing.) Upon quick scan, that's -- the 

3 place I just testified to is the only place I see in 

4 this document that speaks to your question of targeting 
-f'5 and the phrase "blue collar." 

f€ Q. Okay. This document appears to speak to the 

inston full flavor advertising campaign, and the 

...A 

tatement fhat you just read that, "We are targeting at 

% | 

9 blue collar men," is specifically referencing this 
dvertisin<| campaign . 

aware of other instances when you were 
pai^^pf R.J.R.'s marketing department where the goal 
l^as to tar^e ^ t blue collar men? 

A, I ’.■misil'f raid you're going to have to read the 


1 



estion back^to me. There was a lot of stuff in that 


estion. 


ink I heard more than one question. 


Q. Okaym I will rephrase the question. This 
document here is talking about Winston's full flavor 
ising campaign; and with respect to that 

20 advertising campaign, it's stating that one of the 

21 targets is blue collar men. 

22 My question to you is: Are you aware of any 

23 other advertising efforts by R.J.R. to target blue 

24 collar men? 
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1 A. In 1979, being 21 yeans ago and that being the 

2 time period in which you're asking me the question, I 

3 can't recall whether there were, I think you said 

4 campaigns, or brands, I can't remember which, that 

r ^ 

included what you paraphrased as blue collar men in 


heir target or not. I just can't recall in the 1979 


time periodk,. 


Q. WcfuldLyou agree that historically R.J.R. has 



argeted i 



irketing to blue collar men? 

I 

|HROEDER: Objection, form and 


llP^jf: ©undation ^ 



: THE^WITNESS: Repeat the question, please 


[whereupon court reporter read back the previous 


14^#uestion.) 



&HROEDER: Same objection. 


TNESS: I have no -- I can’t answer the 


estion because historically means back to — this 


l^Jpg^ompany was founded at the turn of the century, so I 
19|^A$ve no — I haven't been here since the turn of the 

20 century, so I can't answer, using your broadest 

21 interpretation of your question historically goes back 

22 that far. I don't know what we did or didn't do back 


23 that far. 


BY MS . PERRY : 
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1 Q. Aire you aware of, at any point in time that 

2 R.J.R. has -- excuse me, withdraw the question. 

3 Are you aware of whether R.J.R. at any point 

4 in time has targeted its marketing to blue collar men, 

3T \ 

0ther than this document here that we just looked at? 




k, 



MR. SCKROEDER: Same objection. 

TEpS WITNESS: I recall or am aware that blue 


collar individuals were probably considered prime 

^ LIT I 

rospects of our brands over some of the years 

n the marketing department on some of 
ut I can't — I'm not able to bring up 
any specific instances and specific 
But it wouldn't surprise me if there are 
I4s4rf>ther exam^^j of blue collar workers, as you 
15^ w pharacteri|e tjiem, being spoken to as prime prospects 


10 that I wor 
'hose bran 

ightfN^lis 

€ 

time perioc 



>r perhaps I 
ITiiLcontext of 


arget markets, always, I'm sure, in the 
bfekg adult smokers, obviously. 
l ^ w {Exhibit Number 8 

1 was marked for identification.) 

20 MS. PERRY: I asked that the reporter mark as 

21 Strawsburg Exhibit 8 a copy of an advertising research 

22 report dated February 17th, 1982 from Ms. K.L. Freeman 

23 to Mr. J.A. Herberger. 

24 MR. SCHROEDER: Given the length of this 
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1 document — 


4 


BY MS. PERRY: 

Q. I don't have any questions about the text of 

the document, but you are listed as an individual who 

\ 

as copied on this document. I just wanted to find out 
rom you if you recall ever receiving this document? 

A. Can I take a take a quick look at it? 

q. 45 ^ 

LxJ 

A. (lliVxewing. ) 


10 





HP 



rec 


HROEDER: While he's looking at this, is 

e only q^^lon you're asking him about is whether he 
re^i^.ving it? 




MSp*RRY: No. 

^SCHROEDER: You’re going to ask him some 

estions gi hpu fc the document? 

mIP^RPeRRY : Not the text. There is a series 


>f advertisements. 

l%iii MR. SCHROEDER: Why don’t we go off the 

li|®il*8|cord, then, because it sounds like he's going to look 

20 at the document. 

21 THE WITNESS: Do you want me to read it? 

22 MS. PERRY: It is up to you. There are just a 

23 series of advertisements at the end of this document. 

24 I just wanted to ask you questions about the depictions 
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1 in these advertisements. I'm not going to ask you any 

2 questions that would require you to have to read the 

3 text of the document. 

4 THE WITNESS: I would prefer to read the 

ir \ 

^^locument, since the advertisements that you're going to 
imask me about are part of the document. 


. SCHROEDER: Yes. 


tUT WITNESS: Whether you want to go off the 


Record or 




s fine, but I’m going to need to read 


:he whole 



ent. 


BfTfgl PERRY: 



first and 


you like me to ask you the question 
you can determine whether or not you 


needs 


read the document to answer the 



questions?^ 


A. D 


you wish. I’m not trying to be 


I'^Wirgumentatlve, but I'm going to read the document 
l ^b efore I answer the question. So you can either ask me 
ifeA?* or let me read it and then ask me. 

20 Q. Okay. 

21 MR- SCHROEDER: Do you want to save some 

22 tape? It is your tape. 

23 MS. PERRY: Yes. We can go off the record. 

24 THE VIDEOGRAPHER: Off the record at 3:07 
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1 (Recess 3:07 p.m. to 3:36 p.m.) 

2 THE VIDEOGRAPKER: We're on the record at 

3 3:36. 

4 BY MS. PERRY: 

F" \ 

^5 Q. You've had the opportunity now to thoroughly 

Review the document marked as Strawsburg Exhibit 8 . 

F. 

■ AJ lavinc done that review, do you recall ever seeing this 


Iocument bJrore? 

^ f « 

J : 5 


A. IF 


Nt recall ever seeing it, but I don't 


10 doubt that ^^rrossed my desk, that I got a copy of it 


that tiiiefifi February of 1982 , as I am copied on the 


Q • T 


ocument references something called the 
America campaign. Axe you familiar with 



14^iinston Men 
IS^that campaign?,! 


A. specific, the subject of the document is 

'inston Failily^ Creative Focus Groups. Can you -- yes, 
kay, under conclusions -- background and conclusions, 
:^s, it introduced — it references the Men of America 


20 

campaign. 



21 

Q. Are you 

familiar with that 

campaign? 

22 

A. General 

ly familiar, recollection in terms 

23 

of -- 



24 

Q. What is 

your understanding 

of what -- 
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Let me finish the question. 


153 


2 

3 


Q. Sorry. 

A. I am generally familiar, recall the campaign, 


4 in the 1980's there was a campaign, so I generally 

r \ 

Recall that it ran on the Winston brand. 


L 



Q. And do you recall what the purposes or goals 
f the campaign were? 

t. SCHROEDER: Objection to form. You can 


nswer 


10 






[TNESS: The purposes and goals would be 

llP^oiltlined iif|dy|s or other documents, and it said here 
mdeck^l%und, "Winston introduced the Men of 
ienca caijp^^gTi in August 1980 . The initial pool was 

eveloped tltllestablish Winston as the cigarette for men 

i L 

ho are mas,c;,:lj.ne , contemporary, achievement oriented 
nd practiJUflPf The execution since then have typically 


eatured a man enjoying a Winston in an outdoor setting 
hat implies a sense of control over a demanding 
tuation. Brand management is currently evaluating 

20 current executions which would fully dimensionalize the 

21 image of the Winston man and broaden the campaign's 

22 appeal to target smokers. The purpose of this research 

23 was to provide guidance in the selection of executions 

24 for the fall of 1982 campaign." 
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1 What I've just read I think characterizes what 

2 the writer stated as the -- why the initial pool of 

3 advertising was developed and what the purpose of the 

4 research was. 

?S \ BY MS. PERRY: 


Q. Are you familiar with who Ms. Freeman is? 



he's listed as the sender of this document. 


A. M 


f Q. 0 


A. Y« 




therine L. Freeman. 


'm familiar with her. 


U tlEad 



at position did she occupy at the time 
sing research report? 


A. Ms^^Fieeman, I can't recall her exact title at 


:his time, 


Ms. Freeman, as I recall, worked in what 


as then called the marketing development department, 


md so she 


.d have been an individual in that 


lT®%epartmentl^^H don' t want to guess at what her title 


1% s was. I just don't recall on February of T 82 what her 


itle was . 


20 Q. What about Mr. J.A. Herberger, do you recall 

21 what his position was at R.J.R.? 

22 A. J.A. Herberger? Mr. Herberger was a member of 

23 the marketing department, like I was. And, again, I 

24 can’t remember a specific title, but I think he was 
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1 probably, in February of '82, senior brand manager on 

2 the Winston family brand. 

3 Q. Was the Winston Men of America campaign 

4 designed in part to appeal to blue collar workers? 

A. Let me look at the document to answer your 

lestion . Will you bear with me, Tamia? The document. 


think I saw the words blue collar in here somewhere. 


:o answer question. (Reviewing.) 



ind the context in which they were used 



withdraw that question, actually. I 
estion for you. Irrespective of what's 
, do you have any knowledge about 
paign was designed to appeal to blue 


A. At th|at time I believe, my recollection would 


e that 


ar workers would have been one of the 


ltU^groups — let me back up --- that adult blue collar 
1ST smokers would have been one of the groups that smoked 
1 f^Ml nston at that time, and definitely smoked the 

20 Marlboro brand at that time and, therefore, would have 

21 been an important consumer, adult smoker consumer group 

22 for the Winston brand to either work hard to retain on 

23 their current franchise or to try to attract or switch, 

24 really, from the Marlboro brand. So, yeah, an that 
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1 

2 

3 

4 

f5 

Si 

re 


sense of -- I believe your question was were they a 
target. Was that your question? 

Q, Essentially. I didn't use those words, but I 
think the substance -- 


Fc \ 



A. What were the words you used? 

Q. I just wanted to know whether the Men of 


erica campaign was directed in part towards blue 




A. W&SssdSsliat the question? I’m sorry. 

Q. Ij^u would like the question read back. 
A. W<^h|Hi| you? I’m sorry, I misunderstood the 



1 

1 

1 

p 

1 

1 

1 

20 

21 

22 

23 

24 



|{Whereupon^Jthjp court reporter read back the previous 
! .question . ) 

T ^^^ TTNESS: Okay. Again, my recollection 

s, as I stated.. that blue collar workers were an 

important ^afliult blue collar workers were an 

£ 

important part of the Winston franchise, my 
collection. 

Adult blue collar workers, and it always means 
smokers when I say, adult blue collar smokers were an 
important part of the Marlboro franchise, and probably 
other competitive franchises of brands that we wished 
to attract business from; therefore, this campaign, I 
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1 would assume and recall that this campaign would — one 

2 of the standards to meet for this campaign would be 

3 that it is appealing or at least positive to adult blue 

4 collar smokers of Winston and competitive, brands that 

r % 

^^iere competitive to Winston. 

§1 I BY MS. PERRY: 

T Q. OJ^lv . 4 I would like to direct your attention 


,o the series .^of advertisements that begins on page 
rith the Batef^number 500338441. You've had an 


skim these advertisements. My question 



10 opportunity 


you is whither or not these advertisements depict 


nfdual#^%hat appear to be blue collar workers? 


,,SCHROE DE R: I'm going to object to the 



orm of th; 




ies tion 


ITNESS: I didn't hear the last part of 


18L,...iWhereupon. the court reporter read back the previous 


lestion.) 


20 MR. SCHROEDER: And the same objection. I 

21 mean, they are what they are. 

22 THE WITNESS: First I will say that they're 

23 very hard for me to see and very hard for me to tell, 

24 even though they've somewhat kind of been inferred or 
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1 described, in the document, exactly what’s going on 

2 here, and some of them are really, really difficult to 

3 review. So I want that noted on the record. 


f5 

ns 





i 
i 

i 

p 

i 

ia; 
i 
20 
21 
22 
23 


My answer is that the, in the research 
ocument, the -- 

MR. SCHROEDER: She's asking you what do they 
ict, so if there's anything you have that addresses 
hat question.^ Are they loggers? What are they? 

r... .„>! 

TE fe jljlTNESS : The answer, then, is they 
epict — first one appears to depict, as near as 

can tell this poor copy, several men walking 

jOn Imp ^’them, at least, appears to have a hard 
at on. I PcS nlt tell much beyond that. 

HBKttSfiS&KKKS -* 


Second picture, C2, I think it is, upper 


JsVv.w.\v.v ts , « _ 

eft-hand column, upper left hand, appears to be a pile 
logs wi^^^n, men with hard hats on. It looks like 
ne has soiHHH.ng over his shoulder that looks like a 
chain saw. 

The third picture looks like a group of men, 
one or two have hard hats on, smoking. I can't tell 
any other -- from the picture I can't really tell any 
other props. They seem to have something over their 
shoulder, but I can't tell what it is from this 


24 picture 
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23 

24 
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1 The fourth one appears to be two men walking 

2 at the camera. Both look like they have hard hats on. 

3 I can’t tell any setting beyond that. 

4 The fifth one looks like at least two and 

IT \ 

15 maybe some more men in the background, I can't really 
:ell, walking towards the camera. This one is really, 
eally blurry, so -- but it looks like they have hard 
iats on. If?§ :5r s : carrying something. It might be a chain 
saw, but t%y^igain it may not. 



The.JE.ext one, a group of men with hard hats 
Well, PPpPi of them has a hard hat on. They appear 

beisjEfe 1 in some setting, I can't tell from the 

# |«§Sf 

bicture. 


iats on wa 


T^gf^pne looks like a group of men with hard 
Iking. 


It looks like woods in the 


1 tf^ackground^i^ie man has a chain saw. 

lg T^e^^xt one, I have to apologize, I cannot, I 

l $ft p an 1 h tell you. I see a hard hat or two, and that’s 

all I can make out on that one. 

20 Gosh, the next one is even worse, I’m sorry to 

21 say. I apologize, but just for the record it's hard to 

22 decioher that. 


MR. SCHROEDER: You don't have to apologize. 
TEE WITNESS: It's a man -- it appears to be a 
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1 

2 
3 


f6 



1 

20 

21 

22 

23 

24 




man, a hard hat, that's about what I can say. 

This one does look like, although you can't 
hardly make out, just other than the outline of a man, 
it looks like he’s holding a chain saw and it looks 

"like a tree is being feld (ph) on the right-hand side. 

J 

§# 

These get a little better, some men on the 
ottom of a picture that's cut in half with hard hats 

n, and on top it looks like they're ir an elevator 

„ r ;^:i 

; ith a crane'Jway in the background. So it looks like 
ome kind of 1 work setting. 

Th<^p^|xt one looks like men, again, with hard 
ats fi£l fl^^Ooks like a chain saw being used to cut 
own a tre£in^ the top half of the picture. 

Thi^^bne looks like one man, I can't tell if 
e’s got -i""we'| 1, it looks like he has a hard hat on, 
ind it loo^^^^-ke he's doing something to a tree. 

think it looks like a -- well, it is a 
guess on my part, but it looks like a chain saw he is 
ringing to bear against the tree. 

This one is really -- all you can see is the 
hard hat, so I wouldn't -- it looks like something on 
his shoulder, maybe. 

So your question was do I — could you repeat 
the ouestion after looking at those? 
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1 

2 

3 


jr 

(5 


MR. SCHROEDER: I think you answered it. 

THE WITNESS: I want to make sure I answered 


it. 


(Whereupon, the court reporter read back the previous 

\ 

sstion . ) 

THE WITNESS: I stated what the advertisements 


.ook like to the best of my ability. I think it would 
J3 be reasonably fair to say that in some cases they do 
dook like I would call blue collar workers. 


K 



MS *. PERRY : 

Q. you. Are you familiar with the concept 


in 


A. I liiiil^miliar with the concept of sampling 
lC ^& roducts tcaf^Bjilt smokers in the context of cigarette 

IS^sampling. ' J 

Q. Ki 
17^^he past? ^ 

1 ^^ MR. SCHROEDER: Do you want to put any time 

lsf?S&&riod on this? 


J.R. performed any cigarette sampling in 


J 


20 MS. PERRY: At any point prior to today has 

21 R.J.R. performed any sort of cigarette sampling? 

22 MR. SCHROEDER: I would object to the scope, 

23 vague. 

24 THE WITNESS: I'm aware that at times in the 
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1 past R.J.R. has engaged in, on suppliers to R.J.R., 

2 third parties, oftentimes have engaged in the sampling 

3 of cigarettes with confirmed, age verified adult 


4 smokers. 


y* 

% 

Ft 


Q- 


BY MS. PERRY: 
And what's -- 



A. Bi?t you asked me at any time. I'm aware of a 

lumber of . I can't give you specific dates. But 

$ 

beyond tha“. T can't give you a whole -- I can't go 
^experience of 1978. 

Q. I narrow it down. As part of the Men of 

, was sampling done? 


t yet recall, you know, as we work 
dirough specific instance, but it wouldn't 


l S^tg urprise amp ling probably was conducted in 

support of Winston brand among age verified adult 

srs during'that time. 

I don't know that I would characterize such 
npling, if it occurred, as in support of the Men of 

20 America campaign, which is how you characterized it. 

21 But in fairness to your question, I think sampling 

22 probably did occur during that time in support of the 

23 Winston brand, among adult age verified smokers. 

24 MS. PERRY: I would ask that the reporter mark 
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1 as Strawsburg Exhibit 9 a memo from W.R. Murray to J. A. 


2 Herberger with a subject line construction site 

3 tactical plan dated May 13th, 1981. 


{Exhibit Number 9 


was marked for identification.) 

THE WITNESS: (Reviewing.) I’ve read it. 



MS . PERRY 

: V_ j 


You're listed as a cc on this document. Do 


W i T" t 

|^ou recall^W.ng received this document? 


imber the last one. I don't recall 


lip 5 "'receiving thilH specific document. Hundreds of 


s -s^^tld have crossed my desk during that time 



period, an< 


was coming on 20 years ago. But I’m 



;ure I probab ly got a copy of this document. 

Q. The subject line of this document references a 


bnstructii 


.te tactical plan, and it discusses, 


'NSSStN- i X 

l^^^ppecifically the first paragraph, the last sentence, it 
l SjL^s tates that it’s going to create a Winston Men of 
l|^|jgierica campaign at construction sites across the 

20 country. Are you aware of whether, in fact, this plan 

21 was ultimately carried out? 

22 A. Let me read into the record what this document 

23 says, since it is a short document, and then I will use 

24 that as my prelude to answering the question. 
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1 The title of the document is — it's from 

2 Herberger to Murray. The title of the document is 

3 Construction Site Tactical Plan, May 13, '81. 

4 It says, the attached plan details the 
ational extension of the successful agency test of 

t.his concept. It will create a localized living 
xtension qf the Winston Men of America campaign at 


% 




visible co* 
nstructi 
is 

ample 12 ' 
as been 



construction sites across the country. Essentials of 
his efforpP^ife, bullet point, selection of highly 

ction sites, distribution to the 
rkers of Winston branded materials , 
to the workers and passersby of Winston 
ortunately, the special markets group 








1 

1 

1 

20 



.^to react in time to have all essential 
aterials a va ill able for the start-uo on June 1. The 


rogram wi^^onunence on June 1, 1981, and is budgeted 

or 1.1 million. John, if you have any issues or 
equests, please contact me, W.R. Murray. 

Your question, if I recall correctly, was was 

I aware or do I recall if this construction site 

l 

21 tactical plan as outlined briefly in this document 

22 occurred? I believe that's your question? 

I 23 Q. Correct. 

24 A. It is clearly intended in this document that 
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1 it did occur, or intended it was about to occur. My 

2 presumption and recollection is that it did occur in 

3 some way, shape, or form after this date. And whether 

4 it was, quote, national or not, I don't know, but I'm 
/§> Sure it was in a number of different sites . I can be 



reasonably certain that it occurred in a number of 

1 $ 

different sites. 

!KROEDER: Let me just, you said your 

9 ffresumptior^ and recollection. Are you presuming that 
it occurred 





111 


^did it occur to your recollection? 


SS: I'm sorry. To my recollection, 


air.pl &affl iri^support of the Winston brand at about this 



ime period ctid occur at construction sites, as well as 


robably o th e #* sites — 




MltT'^HROE DE R : Okay. 

TI^^^TNESS : — among age verified adult 

mokers . s my recollection. 

BY MS. PERRY: 


1 Q, You referenced other sites in addition to 

20 construction sites. Are you aware of what types of 

21 other sites that the sampling would have occurred at? 

22 A. Sampling at that time, as I recall it, was an 

23 activity that was conducted both as a brand specific 

24 activity and, if my recollection is correct, as a 
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1 corporate activity as well. 

2 And by "corporate" what I mean is I believe 

3 there was around that time some programs that were , 

4 sampling programs that supported more than one brand. 


F" \ 

15 


think they were called multi brand sampling. I seem 
*£0 recall they did some of that. And I think around 
£his time we might have been doing some, quote, multi 




L8 




ii® 


brand sampling^ which could or could not have been at 

f- ^ 

w ! T" 1 

5 ^»ther plac<| 

What I'm r$ 
istance , 


er than construction sites. That's 
ing to. I can't remember a specific 
think we did some other sampling that 
ve ^j^ipported other brands, including Winston, 
n that pljm^aJt that time. 


1 

1 

1 

p 

17 

1 

1 


B^^SCHROE DE R: Again, I'm sorry, just to be 
sure, are you testifying to recollection or -- you say 



ou think. ust want the record to be clear so that 

I know whelSelP or not you are testifying to what you 

) 

^recall or you are testifying to something else. 

THE WITNESS: You know, I better withdraw 


20 that, because I'm not -- you know, I'm not a hundred 

21 percent sure on that one. I am not testifying from a 

22 hundred percent recollection on that one, in fairness. 

2 3 BY MS . PERRY : 


24 


Q. Axe you aware of how long the Winston sampling 
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1 program was carried on? 

2 A. If you're referring to what appears to be the 

3 construction site tactical plan, I'm not specifically 

4 aware, but I'm sure there are documents somewhere that 

5 fould outline how long it occurred. 

Q. So in general, not necessarily with respect to 


the construction site tactical plan, but in general 
ou're notptwalre of the length of time that any Winston 



ampling 


m' 


s were carried on? 


ifmWot -- today, 20 years later, I can't 




mounts 

>ecif ical] 

:ampa^®h of may not have started and when it may or 


11 you when a specific Winston sampling 


ay not have ended. I don't have the specific dates in 


y head f r<^p§5fu years ago . 

* Q. Wa sphere someone in particular who would have 


in charget of the sampling program? 

A. WpPvF%lurray, who I believe at that time was in 
the promotion department, would most likely have had 
esponsibility for the execution, certainly appears to 

20 have had responsibility for the execution of this 

21 particular plan, as well as what's referenced in here 

22 as the special markets group. And I'm not sure, I 

23 can't recall who was in the special markets group or 

24 head of the special markets group at that time. 
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1 Q. Are you aware that, one of the purposes of the 

2 sampling program was to make blue collar workers living 

3 advertisements for the Winston brand? 


/'5 Answer. 


r6 


MR. SCHROEDER: Object to form. You can 


THE WITNESS: What I've read here in this 



•r-", 



1 
1 
1 
1 

las 

1 



ocument is the phrasing says "it," referring back to 
he samplijy^plugram, "will create a localized living 

r" 

xtension Ofethe Winston Men of America campaign at 
onstructi^^.tes across the country." So that's what 
is docum|^^rt&ays . 

PERRY: 

Q. I^^^king in general. Actually, I have no 
urther qu^lbns with respect to that document. But 
n generalpaie you aware that the purpose of the 
inston, me, that the Winston sampling campaign, 

ne of the^§91.s was to making a living advertisement 
out of the blue collar workers, specifically for the 
inston brand? 


20 MR. SCHROEDER: Objection to form. 

21 THE WITNESS; I'm afraid you're going to have 

22 to read the question back to me, because it -- 

23 (Whereupon, the court reporter read back the previous 
2 4 question.) 
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1 MR. SCHROEDER: Same objection. 

2 THE WITNESS: In fairness, lots of pieces in- 

3 that question. I do generally recall, because I was, 1 

4 think working on Winston at this time, that sampling 
1$ Campaigns like this occurred, that one of the goals, 


€ qne, not all, but one of the goals may have been to 


amplify, as this document kind of alluded to, a living 



K 




'extension 
about what 



e advertising campaign. But that’s 
?uld recall. I mean, that’s about as 
’s about what my general recollection 

! PERRY : 

ing gears a little bit, do you own any 



20 

21 

22 

23 

24 


A. Yes'7^ do. 


Q. A|||bp||^w did you come to acquire that stock? 
as it purSiI^ifed by you or was it received as an award? 

A. I own 10 shares of R.J.R. stock. Like all 
oyees who were granted that stock in 199 -- well, a 
year ago, June of '99 when we became a public company, 
the board of directors granted every employee, 
irrespective of age, rank, grade, whatever, ten shares 
of stock. So I own ten shares that way. It is 
restricted. I can vote it, but I can't buy or sell it 
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for another two years. I think that's the only stock I 
own, if you will. 

I also have -- there are some other restricted 
shares that have been granted to me, as well as I'm 

|ure other individuals have as well, that are 

W 

Restricted. I guess I technically own them in the 
^ense that.I receive dividends on them, but I can’t buy 
"or sell th^^until the restrictions are up, and that’s 

f 'i 

another ye^^g^d a half, two years before the 
^estrictioi Cs.^^ re up. 

***> Q. D^P^i own any stock in any other tobacco 


A - TOjnviknowledge, I 


SWBMWWWUWS 


^tjHROEDER: I’m going to object to the 


orm of that question. You can answer, though. 



eft this 


|CTNESS: I don’t own -- today, when I 

Ing, in my portfolio there were no stocks 


of other tobacco companies, to my knowledge, specific 

^stocks. Let me clarify. There are some mutual funds 

»! 

in my portfolio that very well may own tobacco stock. 

MR. SCHROEDER: She’s asking you whether you 
own any tobacco stock. 

THE WITNESS: I own mutual funds that may own 

tobacco stocks, I can’t tell you whether they do or 
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1 not, so I leave that door open that there might be some 

2 mutual funds that own tobacco stocks, but I don't 

3 personally have stocks of individual shares of a 

4 tobacco company in my possession or ownership, other 
f'5 than the Reynolds shares I mentioned. 


BY MS. PERRY: 

Q. Okay. Just one final question, we’ve had 
several br^iks'today. During the course of those 




reaks, ha 


chroeder 


u had any conversations with Mr. 

. Bailey about your testimony here 



SCHROEDER: I’m going to object because I 

represent too, in his personal capacity, and the 

substance ojp^hatever conversations we may or may not 

gtnwnewNHK 

lave had are'privileged. So I object and instruct him 


lot to ansi 


Mst^PBRRY: I have no further questions. 

MR. SCHROEDER: I just have a couple for you 

EXAMINATION 


20 BY MR. SCHROEDER: 

21 <2. Exhibit Number 8, if you would take a quick 

22 peek at it, Mr. Strawsburg. If you will take a look at 

23 about three pages into the document, what you see 

24 there, that’s titled the Qualitative Study on Winston 
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1 Kings, that's a study performed by an outside source 

2 for Reynolds, is that right? 

3 A, That's correct. 

4 Q. Okay. And so what follows -- 

■f \ 

;.5 I A. That was performed by the Nicholas Research 


[nternational, Inc. at the bottom of the page. 

Q. T3|e document that follows from there is a -- 
.s not an internal R.J.R. document performed by R.J.R., 

I r 

ras it? s I 




A. T&aJL. s correct. This was a write-up by 
j.cholas Research, Inc., from that Page 4, or that page 
bp^c of the document. 

Q. conclusions that would be reached in 

Jthat documg^f would have been conclusions recommended 

■SJav.v.sv.v.v^ 

to Reynolds frjpm an outside source, correct? 


:rom 



A. Tp8|p|w , ould have been conclusions reached by 

: | > 

e writer' of the report, and any recommendations in 
that record would have been the recommendations of an 


1 tside source to Reynolds. 

20 Q. And then the advertisements that Ms. Perry 

21 asked you about at the back, these advertisements are 

22 shown to focus groups, is that what I understand? 

23 A. The report is titled a Qualitative Study on 

24 Winston Kings, and my reading of the report, without 
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1 citing the specific pages, is that, yes, it was a 

2 report about some qualitative focus groups that were 

3 held in Jacksonville Florida and that these were ads 


4 that were shown to those qualitative focus groups. 

Q. You can't tell us whether any of these ads 

f6 were, in fact, ever run in public, can you? 




A. I can't recall whether they did or did not run 
fr§^M| n public. |#^irouldn' t exclude that some did. I 
9 fbuldn't e4gl»ie that some didn't, either. I just 



an't — 

lfas^ Q- A, 

ny o|||JJhe 
*A* ( 
back and lo 





■i 


sit here today, you can't tell us that 
fact, ran, can you? 

wing.) To be sure, I would have to go 
t a media plan or something like that to 
e absolut^^ure, but I can’t tell you whether they 
an or not point just by looking at them with 

hese pic tube Sr. 

Q. And one last question, Exhibit Number 9, can 
ou tell us whether or not that's a complete copy of 

20 that document? 

21 A. No, it's not. There’s an attachment to the 

22 document that was not presented to me to review. 

23 MR. SCHROEDER: Okay. I have no further 

24 questions. You have the right to read and sign this 


1 

18 

1 
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1 transcript, and we would ask you to do that 


THE VIDEOGRAPHER: We're off the record at 


3 4 ; 06 . 


(Signature reserved.) 

\ (Whereupon, at 4:06 p.m., the taking of the 

instant deposition ceased.) 


STEPHEN R. STRAWSBURG 


9 SUBSCRIBED Land.)SWORN TO before me this 



1 


, 2000 . 



y ConunissfOT^xpires 


NOTARY PUBLIC 



http://legacy.library.ucsf.efiU>tii±(^qdflp90/pdfw.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 3685 





I 


Strawsburg - Confidential 


175 


1 ERRATA SHEET 

2 RE: ROBERT A. FALISE , et al vs. THE AMERICAN TOBACCO 

3 COMPANY, et al 

4 DEPOSITION OF: STEPHEN R. STRAWSBURG 

; f5 Please read this original deposition with 

care, and if you find any corrections or changes you 
^7 yish made, list them by page and line number below. DO 
OT WRITE pPTHE DEPOSITION ITSELF. Return the 
. , ositiont.£|L this office after it is signed. We would 

ppreciate^yMrr prompt attention to this matter. 

feist you in making any such corrections, 
lea ^ form below. If supplemental or 

ddihiohal^pag|s are necessary, please furnish same and 

this errata sheet. 


: 9 


11 ' 



^ttach the 
5 age 
read : 


'age 



read: 


1 

1 

1 

P 

1 

1 

ISp^page 

20 read: 

21 Page 

22 read: 

23 Page 

24 read: 
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CERTIFICATE OF REPORTER 
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'IT' 




COUNTY OF MECKLENBURG ) 

\ 

I, Joyce K. Huseby, the officer before whom 
sfeh e foregoing deposition was taken, do hereby certify 
at the witness whose testimony appears in the 
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1* 

14 

15 
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17 

18 

19 

20 
21 
22 
23 


>regoing deposition was duly sworn by me; that the 

r. ... 1 

stimony oi® sllid witness was taken by me to the best 
of my abi 1 i fejj& ssatnd thereafter reduced to typewriting 
trader mg di^c^ion; that I am neither counsel for, 
latfo^to ,FHor employed by any of the parties to the 


tion in this deposition was taken, and further 





at I am nf8^L™aS relative or employee of any attorney or 

1 l 

unsel emp^L m^ d by the parties thereto, nor 


nanciall; 
e action. 


55 ? 


^otherwise interested in the outcome of 

A. . A ■ . ^AlusLi-A, . 

/y ^ A** 

/JOYCE K. HUSEBY 
Certified Realtime Reporter 
Registered Professional Reporter 
Notary Public in and for 
County of Mecklenburg 
State cf North Carolina 


24 My Commission expires May 19, 2003 
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UNITED STATES DISTRICT COURT 

EASTERN DISTRICT OF NEW YORK. 


F' \ 

toys! CROSS AND BLUE SHIELD OF NEW 
iSfe', INC., si al., 




Plaintiffs, 


m 


K,. 

— again* 


98 Civ, 3287 (JBW) 


MORRIS, INpQR^ORATED, si a]., 
/• ' Defendants. 


Kv, 


PLE. 


iedure plaintiffs 



OTlCE OF VIDEOTAPED DEPOSITION 

d 

NOTICE that pursuant to the Federal Rules of Civil 
ross & Blue Shield of New Jersey, Inc., et al., by and through 


y ? v_ 

|r attorneys, Dewvey Ba|antine LLP, will take the videotaped deposition upon oral 
lination of SteplS^^jjrawsburg, R.J. Reynolds Tobacco Company, at the offices of 
.siismble, Carlyle, Saridncrge & Rice, 200 West Second Street, Conference Room 16A, 
|ypston-Salem, North Carolina 27102. The deposition will begin at 9:30 a.m. on 
?er 26, 2000, and will continue from day to day until completed. The videotaped 
deposition will be taken before a notary - public or other person authorized by law. The 
purpose of the videotaped deposition is for discovery and/or for use at trial. 

Please take further notice that pursuant to the Federal Rules of Civil 
Procedure the deponent is required to produce at such examination all documents 

i 

PLAINTIFFS 

exhibit r | 
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(including drafts, originals, or copies) of any sort, within his possession, custody, or 
control, wherever located, as described in Schedule A hereto. 


Dated: New York, New York 



DEWEY BALLANTINE LLP 

By: , 

Heather K. McDevitt (HM 9973) ' ^ 

1301 Avenue of the Americas 
New York, New York 10019-6092 
(212)259-SOOO 

Attorneys for Plaintiffs 
The BC/BS Plans 



r> 
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SCHEDULE A 


I 


The deponent must appear at the time and place aforesaid and at the time 
of appearance the deponent must bring with him: 

1. The deponent’s Curriculum Vitae; and 



2. All of deponent’s personal files and files in the possession, 
control of deponent, which relate or pertain to the matters and issues in this 




r 
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) 

Usetdence of underage smoking hit remained largely unchanged over the last ten 
years with approximately 195 of high school seniors claiming to smoke on a 
r*|blir basis. Yoyth nors-smoking intervention methods during thtj time have 
tint litently focus^qn providing health messages -• despite near universal 
sSSSlrenexj of smoking tnd health issues. It is clear that alternative 
inte rvention techniques Bust he explored in order to further .reduce underag* 
WrM 1 1 i o n. y~ 

i^3. Reynolds has : ^f*tided to take the lead in exploring new methods of 
Hyp: our aging jmokir 
searching for a sol 


Simply state 
position tha 
Ide ntifi ed s 
cin|fr“phei 
as soe-fa'ied w| 

other persorf* 
adults. k 


tided to take the lead in exploring new methods of 
g youth, lhe Company's rationale for aggressively 
to underage smoking is two-fold: 

shouldn't smoke. It has always been the industry's 
ng is an adult custom. Moreover, studies have 
as a risk factor for certain diseases, such as lung 
se and emphysema. While there art many other factors 
a person's chances of developing specific diseases 
y^s. occupation, etc.), the dtcisicn to smoke, like many 
iWestyle choices, should only be »adt by informed 


The eswticnall«sS*urrounding the youth smoking iisut has often resulted 
in restricMiiLtlsit unfairly discriminate egainst adult smokers. 
Regulators f^e.gently hold the industry responsible for underage smoking 
despite Binfeui-a^e laws and convincing evidence that peer pressure and 
parental gu idascj^ art the key factors In Initiation, It is assumed, 
therefore, fffvriductiont in underage sacking will be accompanied by 
reduced suppegriMpr unfair restrictions being imposed on adult smokers. 


therefore, | 
reduced tupj 



^developing th«pji§j&li|non-saoking program, R. J. Reynolds conducted 
tensive primary'and secondary research to understand the adolescent target 
d expert opinion on intervention techniques. In essence, Reynolds has 
lilted e consumer marketing approach to »ui»iz» the relevance and appeal of 
s a youth non-smoking coanunication and delivery vehicles. This unique 
broach is demonstration of Reynolds' desire to be part of the solution to 
garage smoking.^Reducing the incidence of underage smoking will be a 
s^icult task and success will not come qukhly. 
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I 


J>< .following details the strategic rationale and research findings on R. 0. 

/Reynolds' youth non-smoking initiative. 


?BQGR*K 


0;. 3; Reynolds' youth non-smoking programmes Wo primary objectives: 
f^iftscourage smoking ’-rltlatlon among adolescent youth. 


• « Sfiow 1ndustry/RJRi$M. ,.poht for youth smoking efforts is meins to mtnlnlze 


itlonal action^a-gal^st adult consumers. 


Develop end IntrifuhniBipictful md relevant youth non-s*oking messages 
i^t^cuilng on the baaf^fe tort in making initiation -* peer pressure and 
P^ptfental guidancSTTj 


”n; 

ivire^oijfte lie 
pvldenw^tf sug^ 
|i4rs\ful thin exp. 
Continued siturl 


tehtly deaonstrated thit idolescent youth ire well 
; surrounding smoking md heilth. There 1: tven 
I^Sat teenagers consider sacking to be potentlilly more 
mutation with ’hard drugs.’ Despite this belief md 
Pff health*r»lated messages, underage smoking 


•^Incidence his r tap^ l unchinged for the list 10 years. 

vThe IneffectWepTrist the existing youth non-s»oklng effort Is due to the 
^longer-term nit&Throfi sew king end health messiges being In shirp contrist 
^vlth the short-^tnn js^ture of the adolescent mind. This Inconsistency ind 
Irelltlvt Ineffe^^^uss of heilth bised Milages Is evtn acknowledged by 
^the intl>iooklrpg|||^is: 

Julia Cirol .kJukfeitint Director of American's for Kon-Saofcirs Rights, 


I- Oulii Carol .hAs^Utint Director of American's for Kon-Saofcari Rlohts, 
recently wrortiTTRlk ’the heelth consegumces of making, surprisingly, 
i 1* the lent effective pert of iny (yoirth directed) prevention 

program." Child development experts igret thit peer pressure end role 
model Influencers pity the Urges’, role In Inltletlon. Moreover, 
public opinion surveys Indlcete thet peer pressure end pirentel 
guidance are seen as the most effective ways to discourage underage 

M IDOkU 3- 

Tightly target corounlcatlon directly against adolescents «st it risk for 
underage experimentation -- middle school eged youth (12*15). 

Studies Indlcete that by the tile en idolescent reaches high school, 
several lifestyle behaviors have already been adopted •* Including the 
decision whether or not to moke. In fact, a recent study funded by the 
Centers for Disease Control suggested that school systems emphasize 
smoking intervention programs before senior high school. The study had 
found that neat school systems tended to emphasize a non-smoking 
curriculum In the tenth grade. 
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Employ unconventional methods of delivering the youth non-smoking rtsuqt 
\to demonstrate R. J. Reynolds' comitment to reaching the target audience. 

| 

|#R. J. Reynolds' youth program Is intentionally designed to Impact the 
hard-to-reach adolescent age group via creative end unique delivery 
^vehicles -- e.g., near school OOK, school bus programs, In-school 
programs, etc. This approach will credibly demonstrate that R. J, 
Reynolds' youth program Is substantially eiore than a taken effort and 
’represents a sincere attempt to be i part of the solution. 


Critics hav*s$$WI charged the tobacco Industry with employing 
sophisticate! tntj creative marketing techniques to target specific 
adult consueCr^rlypx. Unique targeting techniques employed In the 
youth non-ss4jAsy pro 9 rlra clr - h,v * * he *nci1 lir> benefit of helping 
defuse the IiTig'ttlens of ‘irresponsible and predatory" marketing to 
adult consuw&^orfjpi. 


Th<1follow 
HHarch c 
150 adolfs 
Mies*. 



funltarnlng obtained from several rounds of qualitative 
mg middle-school aged youth and parents. In all, over 
Isffcjirtnts were interviewed during the development 



XPier pressure Is universally seen at the single most Important factor In 
Underage smoking parents and youth. Host adolescent respondents 

^'indicated they f*H™t^er pressure to experiment with cigarettes, alcohol 
jmd drugs by tha™*o* x of 12 or 13. R. 0. Reynolds' campaign was seen as a 
^potentially effective!way to moderate peer pressure by reinforcing 
%*1 f-ettec* andsttsesi^nlcatlng that ’It'* ok to be yourself and express 
^ourself...you &m*tjnetd to smote to fit 1n.‘ 

'Ikdolescents pot ltive^ attltudes toward the campaign were due to situational 
^'relevance and aching* tonality cf the message. Youth respondents 

Vindicated that tha Bathrooc execution placid smoking In Its proper 
^perspective (sneaky and not cool) and was a situation they see neerly every 
day. Similarly, the Smokescreen execution reinforced the fact thet most cf 
^thelr friends do not smoke and you don't need to smoke to* have a good time. 
& Importantly, all the executions tend to coonunlcate a positive reason not 
Zta smoke rether than merely preaching the negatives. 

Adolescents value established friendships end pride themselves In 
exercising * great deal of tolerance toward the behavior of others. 
Executions Interpreted at suggesting that underage smoker* are stupid, 
entl-social or Inferior are rejected since many have friends who smoke. 
Respondents clfiriy preferred those executions that promoted friendship 
ff zpreit YsurfH O or only hinted it peer rejection (Smokescreen) . 
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Kany respondents (yooch 
w*s both more relevint 
potentially more effect 
their ritlonile for thi 
Reynolds effort it *spe 
campaign's social me$s» 
As rioted trller, this 
psychologists iw^d it re 
of the Call forplj^ppa 
Prep 95 advertijlPrhg it 


;Pirenti were 
by R. 0. Reynold 
developed by the 
The vjjt mijorMj 
< big ftep In |hj 
tobacco industry 5 ! 
cimpilgn (sunyWJ 
^considered yoi/tfi" 


4nd parents) felt th4t the R. 0. Reynold* campaign 
thin the current California anti-smoking effort and 
(vt. Interestingly, youth and parents differed in 
i belief- The adolescent tends to set the R. J. 
iking directly to me* whereas adults siw the 
oe it more eottuting thin i heilth-bised message, 
litter view it consistent with thit of development!! 
fleeted in the low perceived effectlvenett ritlngi 
Ign -* only 33X of Ctllfornli adults feel thit the 
in effective wiy to discourage youth smoking. 


ed to leirn thit the youth directed ids vtr* produced 
Adult respondent! InltiiUy assumed thit the ids were 
Mem Cincer Society or other non-profit organization, 
idulti (smokers md non-smokers) taw the cimpalgn ts 
ght direction resulting from obvious pressures on the 
egardless of R. 0. Reynolds'' motives for developing the 
t ts i wiy to reduce external pressures). pirents 
the bentfldiry ef the effort. 


The tsul V dir«tWids effectively reinforced' top-of-mind twirenest thit 
pirerv^^-^uidi^i Is i key factor In saoklng Initiation. At i minimum, 
pintngm&K »ds serve as a reminder to keep the lines of 

communication ^penT^ Smokers were particularly interested in How To Tilk 
To Tour Kids Smoking Even If You Do since most hive difficulty 

reconciling i‘nSn^smoking message with their own bthivlor. Both smoking 
and non-SMkino*piN[nts considered the booklet to be very helpful, credible 
and to the pofiw^tipcndents were pleisantly surprised that the booklet 
was hard hUt|og,.vAfid void of ‘sugar coiling.* 
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Sincerely. 



FOREWORD 


Over the past generation, the actions of labor unions, manage¬ 
ment, insurers, and Government have made substantial progress in 
reducing exposure to hazardous substances in tire workplace. This 
Report acknowledges this progress, and demonstrates clearly that 
these efforts L>?ptptect .the American worker must continue. There 
can be no efforts to continue the safeguards already 

in place or to flfijifelt new safeguards as new hazards are identified. 

This Report ateo establishes that for these efforts to protect the 


worker to fully!; 
insurers, and 
to reduce the p 
those working 
who smoke, cig^ii 
does occupatioi 
This 1955 Ra| 
deptk#!i?i ever 

and I* 1 ’ 0 " 

As^w||j|^irevio 

participated in d^ 
express here my r 



these same forces of labor, management, 
t must become equally engaged in attempts 
of cigarette smoking, particularly among 
moot at risk, For the majority of workers 
oking poses a greater risk to health than 
re. 

ri| of \he Surgeon General examines in greater 
e relationships between cigarette smoking 
ures; it is a document of singular importance, 
a large number of experts and scientists 
in and outside the Federal service have 
and reviewing the content of this Report. 1 
and gratitude for their efforts. 


Donald Ian Macdonald, M.D. 
Acting Assistant Secretary 
for Health 
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PREFACE 


The 1985 Report on the HeaUh Consequences of Smoking presents 
a comprehensive review of the interaction of cigarette smoking with 
occupational exposures in the production of cancer and chronic lung 
disease. 

Cigarette smoking and its relationship to cancer and chronic 
obstructive lung^djaease (COLD) were extensively reviewed in the 
1982 and 1984 Surg§ip|f|eneral'8 Reports, respectively. In the 1982 
Report, cigarette|imokirig was judged to be the leading cause of 
cancer mortality jjfy.the'I^pited States; a causal association was found 
between smoking arrf cancer of the lung, larynx, oral cavity, and 
esophagus, and stMi&Kifjwas identified as a contributory factor in 
the development of earner of the bladder, kidney, and pancreas. In 
1984, cigarette sid-Sfc^sij^was identified as the major cause of COLD, 
which includes el faxmfeAd onchitig and emphysema, among both men 
and women in th4 United-Stales. The contribution of other factors in 
COLD morbidity ^|^^|tality was found to be far less important 
I) than that of cigar‘ette|smdking. 

Thi^K^rtex. 1 ' 
cigar^fcfmokin, 
canceranaxhron 
of di 

25 percent of all 
a steady increase, 
which have declined 
now the fifth leai 
rapidly than othqr major'causcs of death. If is estimated that more 
than 10 million A^rnenca'ite report suffering from these diseases. 



e evidence available on the role played by 
occupational exposure in the development of 
ase. Cancer and chronic lung disease are 
|he United States, accounting for well over 
nuatly. Cancer mortality rates have shown 
ates for the major cardiovascular diseases, 
the last two decades. Chronic lung disease, 
se of mortality, has been increasing more 


Findings of the | 
The major over 



port 

cBnct\isions of this Report are these: 


For the majorS^i@f 1 ^mericaji workers who smoke, cigarette 
smoking represents a greater cause of death and disability than 
their workplace environment. 

In those worksites where well-established disease outcomes 
occur, smoking control and reduction In exposure to hazardous 
agents are effective, compatible, and occasionally synergistic 


r 
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approaches to the redaction of disease risk for the individual 
worker. 

Smoking and occupational exposures can. interact synergisticaily 
to create more disease than the sum of the separate exposures. This 
kind of interaction is exemplified by the relationship between 
asbestos exposure and smoking. A study of heavily exposed asbestos 
insulation workers, more than 20 years after onset of exposure, 
demonstrated a fivefold increased risk for lung cancer among 
nonsmoking asbestos workers compared with nansmokcrs without 
asbestos exposure. We know that in non-asbestos-expooed popula¬ 
tions, smoking increases the lung cancer risk approximately tenfold. 
The risk is increased more than fiftyfold if the asbestos workers also 
smoke. This risk in cigarette-smoking asbestos workers is greater 
than the of the risk of the independent exposures, and is 

approxiraaj^fepknultiplying the risks or the two separate expo¬ 
sures. In Inner words, for those workers who both smoke and are 
exposed t^rasbeStpe, the risk of developing and dying from lung 
cancer is 5d5dD cdrcent greater than the risk for individuals who 
neither aiSwe^ras! are exposed. Thus, the interaction of cigarette 
smoking jjg^estos exposure is multiplicative. For asbestos 

workers, thera!& pf developing and dying of lung cancer increases 
^number of cigarettes smoked per day and with an 
exposure. For example, the risk ia 87 times 
Workers who smoke more than one pack per day. 
farming workers who are able to 6top smoking, 
rtlie risk for those who continue to stooke. An 
the production of lung cancer also exists between 
j^and the radon daughters exposure of miners, 
although the exectjialure of this interaction is not clear. 

Both cigpiiiraslmokjng and exposure to certain occupational 
bayards increste^he risk for chronic lung disease. These risks can 
occur inde^i&jfttty or may combine to produce a greater degree of 
lung mjur>ffKIin"wou]d have occurred from either exposure separate¬ 
ly. While barfy-exposures are capable of producing chronic lung 
injury, either independently or in combination, smoking appears to 
be the motPUPf^rtant exposure for the majority of US. workers. 


with an in§ 
increasing 
greater faf® 

(4 r “* c 

Spared 1 
action 
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D11ferencesjn|S mpking Behavior Between White-Collar 
Workers »pSP@li§l|CoUar Workers 

This Report also presents detailed findings with regard to differ¬ 
ences in smoking prevalence between blue-collar workers and white- 
collar workers. Blue-collar workers are more likely to be exposed to 
workplace agents, which, in combination with their higher smoking 
rates, may place these workers at considerable excess risk for cancer 
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and chronic lung- disease. Although these differences exist among 
both men end women, they are more pronounced among men. 

The differences in the prevalence of smoking between blue-collar 
workers and white-collar workers may underestimate the differences 
found among specific populations of occupationally exposed workers. 
As noted in this Report, individual studies among certain workers 
report current smoking rate* well in excess of 50 percent. In 
addition, in one of the largest studies of asbestos workers, more than 
80 percent of the men in the cohort had been regular cigarette 
smokers during their lifetime and only 11 percent were classified a3 
never haring smoked regularly. These differences in smoking 
behavior make the control for smoking behavior an important part 
of the design of studies of the relationship of occupational exposures 
and cancer or chrumj^lung disease 

On the averf^.btu e-collar men initiate smoking approximately 
14 months earlier than white-collar men. We know from existing 
studies that Sft.,^rii : ^r age of initiation is strongly correlated with 
increased lung cancer and chronic lung disease as well 

as for most oSner sropking-related diseases. Even with this earlier 
age of initiatijgf^Mpb&antial fraction of blue-collar workers begin 
smoking ram|yjej^wath their entry into the workforce, and blue- 
collar workeri^mrresj likely than while-collar workers to be able to 
successfully qkyw&kjng. 



Coni 
otenti 
the 


e Workplace 

e of the workplace in promoting initiation and 
ion of smoking behavior represents a kind of 
interaction between smoking and the workplace that may affect 
large nurobera^^S^S^rvorkers. It seems clear that the responsibility 
For health in tKe‘'w^lcp!ace includes at minimum a work environ¬ 
ment that does mote smoking or interfere with cessation. 

The workBttdjMSfwrsii&i opportunity for implementation of smoking 
cessation prog^m*.-"-Av.number of studies cited in this Report found 
worksite-based, programs to be more successful than clinic-based 


programs, pn 
because many^em 
other incentiv 
The goal in pubh 
reduction and 



g to their more intensive nature and 
r-sponsored programs offer economic and 
hancing their success. 

1th, both in the worksite and outside it. Is the 
on of disease and the promotion of healthy 
behavior. The content of this Report makes it clear that the 
elimination of chronic lung disease and cancer from the workplace 
cannot succeed without a companion effort to aJtgr the smoking 
behavior of workers. It is precisely those occupations in which the 

greatest occupational hazards have existed that smoking cessation 
also yields the greatest return for individual worker’s health, it 


r 
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should be obvious that, smoking cessation, efforts are an adjunct to, 

and not a substitute for, occupational environmental controls. 
Correspondingly, a concern about workers’ health that limits itself to 
the control of environmental exposure levels disregards the major 
health benefits of smoking cessation. 

C. Everett Koop, M.D. 

Surgeon General 
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introduction 

Development and Organization of the 1985 Report 



The 1985 Report was prepared by the Office on Smoking and 
Health of the U.S. Department of Health and Human Services as 
part of the Department’s responsibility, under Public Law 91-222, to 
report new and current information on smoking and health to the 
United States Congress. The scientific content of this Report is the 
collective work of 100 scientists in the fields of both smoking and 
occupational health. Individual manuscripts were written by experts 
who are recognized for their understanding of specific content areas. 
Each chapter was subjected to an intensive peer review, whereby 
comments were solicited from four to six individuals knowledgeable 
in that particular area. After these comments were incorporated, the 
entire Repdi^WM^braitte^ 10 distinguished experts representing a 
balance of §p$(|feH!Nn occupational disease and smoking and health. 

ith this latter review, the manuscript was also submit- 
5 ?^ublic Health Service agencies for review. 

Entire report compilation process the Office on 
3th had the advice and consultation of four 
. scientists. These individuals represent exper- 
oth smoking and occupation. They are Dr. Lester 
of California at Los Angeles, Dr. Marcus Key. 
Health Science Center, Dr. Irving Selikoflf, the 
cal Center, and Dr. Jesse Steinfeld, Medical 
From the outset, this panel of experts was 
smmending the Report content and outline, 
authors and reviewers, and providing overall 
ch atage of the compilation process. Each also 
roverailVeviewer of the completed manuscript. 

: contains a Foreword by the Acting Assistant 
Ith, a Preface by the Surgeon General of the U.S. 
^ice, and the following chapters: 

1.'^Introduction, Overview, and Summary and Con¬ 
clusions 

ccupation and Smoking Behavior in the United 
States 

•valuation of Smoking-Related Cancers in the 
/orkplace 

evaluation of Chronic Lung Disease in the 
Workplace 

Chronic Bronchitis: Interaction of Smoking and 
Occupation 

Asbestos-Exposed Workers 
Respiratory Disease in Coal Miners 
Silica-Exposed Workers 


Cooeurreni 
ted to various 
Through' 
Smoking 
internatioru 
tise in the 
Breslow, U 

University 
Mount Sii 
of 



served as a 
The 191 
Secretary for 
Public H 

• Chapter 


Chap 





Chapter 


Chapter 

Chapter 

Chapter 
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• Chapter 9. Occupational Exposures to Petrochemicals, 

Aromatic Amines, and Pesticides 

• Chapter 10. Cotton Dust Exposure and Cigarette Smoking 

• Chapter 11. Ionizing Radiation and Lung Cancer 

• Chapter 12. Smoking Intervention Programs in the Work¬ 

place 

Historical Perspective 

More then two centuries ago, the relationship between occupation¬ 
al exposure and health outcome was presented by a noted English 
practitioner of 6urgery. Dr. Percivall Pott (1733-1788), in hia 
Chirugical Observations (1775), described this first scientific observa¬ 
tion as a "superficial, painful ragged, ill-looking sore with hard and 
risihg..e<iges'’ that appeared in chimney sweeps, who almost always I 
og when they were very young and small enough to tit ] 
a chimney. This malady was appropriately tagged "chimney < 
if." Soon after the turn of the 19th century, additional 
|irmed Dr. Pott's observations. 

fry’s! itly before Dr. Pott's description was published. Dr. John 
-17751, in his Cautions Against the Immoderate Use of ] 
^ibed an association between tobacco use and cancer. Hill 
oh two case histories and observed that "snuff is able to 
| swellings and excrescences” in the nose, and he believed 
1 14 be Cancerous. 

Dr. Pott'a startling report and description of the 
Ole use of children as chimney sweeps waa published in 1775, 
|until nearly a century and a half later, in 1914, that 
Sagawerand Ichikawa were able to demonstrate the carcinogenic 
|e hydrocarbons in soot and tar. Almost 20 years later, in 
groximate carcinogen 3,4-benzypyrene was isolated from 
By pook, Hewett, and Hieger. 

so Tfi lhe 1920s and 1930s, scientists began investigating the 
po^iSte'aSspciation between cigarette smoking and cancer, and near 
the,|y\4s.(EWorld War II, several scientists had noted the higher 
perifemkges of cigarette smokers among cancer patients, particular¬ 
ly iteSWSSggSjith 'une cancer. In 1962, when the Surgeon General’s 
Advisory Committee on Smoking and Health began weighing the 
sei^§§«i§8i-|idence for its 1964 Report, the causal significance of the 
association of cigarette smoking and disease was evaluated by strict 
criteria, none of which taken alone was sufficient for a causal 
judgment. These criteria today form the basis for the continued 
judgment that cigarette smoking is causally related to a number of 
disease processes. 
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Overview 

Cigarette smoking is clearly the major cause of lung cancer and 

chronic lung disease identified for the US. population. The role that 
cigarette Brooking playB in the development of cancer was extensive¬ 
ly reviewed in 1982 Report of the Surgeon General and chronic 
obstructive lung disease was reviewed in 1984. However, cigarette 
smoking is not the only cause of lung cancer or chronic lung disease 
in the U.S. population. A number of occupational exposures are well 
established as causes of cancer and chronic lung disease, and it is 
reasonable to expect that ongoing investigation of workplace expo¬ 
sures will continue to expand our understanding of the hazards of 
specific exposures and increase our ability to protect U.S. workers. 

This Report examines the contributions of cigarette smoking and a 
number of w'brkpi&ce exposures to lung cancer and chronic lung 
disease » msgg'&ctipaturns in which specific hazardous exposures are 
known to dccur. Jl is possible from the data presented to identify a 
causal rol«f fofcsboiti smoking and certain workplace exposures in 
lung cancetjjm,^ft4h|ability from chronic lung disease. It is also known 
that the occupational hazards reviewed in this Report frequently 



,te of risk and injury produced by cigarette 
ation of exposures, may influence the nature or 
produced by the isolated exposures (interact); 
uce the same disease, or may produce separate 
that in combination result in more severe 
Id be expected from the isolated Injuries. In 
rk3i'te may represent a setting in which a substantial 
rs begin to smoke, and may provide an environment 
or discourages the efforts of individual workers 
ability to alter the adverse health outcomes of 
occupational hazards requires both an under¬ 
lease risks that result from individual and 
tjX&£nd a knowledge of how changes in the worksite 
can alter th^gatterh of disease occurrence. 

Many of the raajtSf 1 improvements in public health during the last 
century an<^UwjJ|||& part of this century were produced through the 
control of iiffecUous,diseases. The key to this success frequently was 
the identifu|K§iSjSi^| the causal agent, with the subsequent elimina¬ 
tion of expo£urt|to tpe agent or immunization against the agent. The 
criteria for pSiiiiil&fTing the causality of an infectious agent were 
expressed by Robert Koch in 1877 and are commonly referred to as 
Koch's postulates. They are the following: 

1. The agent must be shown to be present in every case of the 
disease by isolation in pure culture. 

2. Tire agent must not be found in cases of other disease. 


occur on 
smoking 
extent of the 
both may 
injuries to; thq! lu 
lity 
|on,tK 
er of 
Either 
to stop smi 
workers ex| 
standing of 
combined ei 
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3. Once isolated, the agent must be capable of reproducing the 
disease in animal experiments. 

4. The agent must be recovered from the experimental disease 
produced. 


These postulates served well in identifying the causal agents in 
acute infectious processes; frequently their identification was a 
critical part of their successful control. 

The major diseases responsible for death and disability in the 
latter half of the 20th century are chronic heart and lung disease 
and cancer. These diseases, which now account for over half of all 
deaths in the United States annually, are commonly the resuit of 
chronic exposures to noninfectioua occupational and lifestyle influ¬ 
ences, may be caused by a number of agents acting independently, 
and may also result from more than one agent contributing to the 
in any given individual. For these reasons, Koch’s 
have little relevance for establishing causality in lifestyle 
and opcupatHmal exposures, and new criteria for causality have been 
These criteria rely heavily on epidemiologic data and 
xamination of the consistency, strength, specificity, 
gd temporal relationship of the association between the 
ijie disease as well as the evidence of the biologic 
“|y which the agent produced the disease, 
jnu.1tinctorial etiology and chronic exposures that character- 
j^'4ni8 chronic lung disease also have implications for control 
in the worksite. One of the important public health 
of this century has been, the identification of haxard- 
in the workplace, with subsequent reductions in these 
though changes in environmental levels of the agent, 
fication : of work practices, and alteration of manufacturing 
! changes were the result of regulation and voluntary 
and they reflect the action and concern of labor, 
Government, and the insurance industry. The result, 
in sormrmthJttries, has been a dramatic reduction in the exposure to 
haiaMtn*&-8tgcnt6 in the worksite and in the disease that would have 
been produce^ by these exposures. 

5rt clearly documents, however, cigarette smoking may 
alteri^thc^airiount of disease or level of disability produced by 
ijlcupational exposures. For cancer, this alteration may 
|orm of adding an additional number of cancer cases, or 
of tlSFMSSihed exposure synergistically increasing the number of 
cancers, On an individual level, our understanding of the process of 
carcinogenesis suggests that both agents may contribute to individu¬ 
al cancer rather than some cases being caused exclusively by an 
occupation exposure and otner cases being caused exclusively by 
cigarette smoking 
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for lung disease, the combination of cigarette smoking and 
exposure to a hazardous workplace agent, may combine to produce 
similar injuries or may produce independent disease processes in the 
same lung that result in greater disability than with either exposure 

separately. 

The public health importance of interaction between smoking and 
a n occupational exposure is typified by the relationship between 
cigarette smoking and asbestos exposure among asbestos workers. A 
number of studies published in this country and abroad have 
demonstrated an approximately fivefold excess risk for lung cancer 
among nonsmoking asbestos insulation workers. Smoking in non- 
asbestoe-exposed populations increases the lung cancer risk by 
approximately tenfold. However, the risk is more than flftyfold 
greater if the asbfeatoa worker also smokes. The risk in cigarette¬ 
smoking asbestos wogpiislis greater than the sum of the risk of the 
independent expcirares, and is approximated by multiplying the 
risks of the two separate 'Sjfposu res. Thus, the interaction of cigarette 
smoking and asbedtosfexppsure is multiplicative in nature. To state 
this in another viSi^fiHKfthose workers who both smoke and are 
exposed to asbest^^thggrisk of developing and dying from lung 
cancer is 5,000 eater than the risk for individuals who 

neither smoke no ffi j Efe iiSp osed. Among these asbestos workers, the 
extent of disease producedjby asbestos is conditioned by the smoking 


[.habits of the 
attempts to.contn 
impae^OTrty if thi 
behavJS$fiSi well 

Elimination of 



posed population. As is alao evident, 
is-related lung cancer can bave a maximal 
successful programs to change smoking 
orts aimed at reducing levels of asbestos dust 


disability in the 
synergistic interac 
Even with an addi 
probably contribu 



ibution made by smoking to disease and 
is beneficial, even in the absence of 
between smoking and workplace exposures, 
for an exposed population, both agents 
^cancer that develops in an individual, and 
removing that cor^ijhwMpn is an important benefit to that individu¬ 
al. In addition, a given * degree of impairment produced by an 
occupational agersifesss&Ji^'esuk in less disability in an individual 
without concomitantiune injury due to smoking titan in a worker 
who has chronic lung disease due to smoking. 

The focus on ^individuals rather than on populations when 
considering stratepSSI^SSispntrol occupationally related diseases also 
helps clarify the concept of a "safe” worksite. The same number of 
lung cancers may occur in a population with a high smoking 
prevalence and a low asbestos exposure and a population with a low 
smoking prevalence and a high asbestos exposure. This similarity of 
population risks does not suggest that the level of acceptable or 
"safe" dust exposure can be adjusted on the basis of the smoking 

IHS- 139 0 . Tr - ? 9 
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prevalence in the population. It may be reasonable to select 
nonsmokers for jobs in which smokers would be at much greater 
risk, but this approach should never be used as a justification for 
accepting occupational exposure levels that result in risk for those 
exposed. The goal should always be the elimination of as much of the 
disease as possible in the working population rather than the 
lowering of the disease rate to the population norm. 

Factors in the worksite may also influence smoking initiation and 
smoking cessation. Chapter 2 of this Report updates the previously 
reported increased smoking prevalence among blue-collar workers 
compared with white-collar workers. It also reporta two analyses 
that suggest the workplace may play an important role in smoking 
behavior. The mean age of initiation reported confirms that the 
majorij* of smokers begin smoking prior to or during high school. 
Howev'erh'|^g|jjbstantial fraction also begin to smoke after high 
school.is known about the influences that may predispose 
individuals to„become smokers at this age. One of the major life 
experid'nce^-oc^urring at the same time is entry into the workforce, 
pa rticif^|^j|jr blue-collar and clerical workers, and the work 
environment ijiay be a major factor capable of predisposing an 
individj$g|igjp8rd or away from becoming a smoker. 

A se|gg^mportant consideration that emerges from chapter 2 is 
the Slower prevalence of successful smoking cessation 

amongifa fagsasgli ar workers compared with white-collar workers. This 
difference Sn cessation is not explained by differences in rates of 
^g^^jnitiaalmost equal percentages of current smokers have 
attempt to quit and failed. This suggests that the 
^linajorifyo^ kxjth groups of workers have attempted to become 
# blue-collar workers have been less successful. Once 

again, a oot^mial role for the workplace environment in reinforcing 
or inhrat|mlp§Vccessful cessation may help to explain these differ¬ 
ences in ths.pavalence of former srooker6. 

If a-pwr^i^ce is to be considered “safe," one very important 
criterion is the absence of exposures to agents that can cause disease, 
Equailf^impoivant, however, is that safety should include a work¬ 
place tl^gt. encourages initiation nor discourages cessation of 

cigaret|*®iimSking. As demonstrated in the final chapter of this 
Report^^gfcgjgirksite may provide a focus for the promotion of 
healthy^BiHaviioral change in the workforce, but at a minimum, 
should!fl@p;&®H focus that encourages behaviors that compromise a 
worker’s health. 


Summary and Conclusions of the 1985 Report 
The major conclusions of this Report are clear. They are the 
following: 

10 
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For the majority of Americw workers who smoke, cigarette 
smoking represents m greater cause of death and disability than 
their workplace environment. 

In those worksites where well-established disease outcomes 
occur, smoking control sod reduction In exposure to hazardous 
agents are effective, compatible, and occasionally synergistic 
approaches to the reduction of disease risk for the individual 
work er. 

Individual chapter summaries and conclusions follow. 




Occupation and Smoking Behavior In the United States: 
Current Estimates and Recent Trends 

1. Among ^nen, a substantially higher percentage of blue-collar 
workersHlihnKwJt^tecollar workers currently smoke cigarettes, 
OperatiyMilijilicI^ldndred workers have the highest rate of 
current itmokin^ (approaching BO percent), with professional, 
technical^ l^ndred workers having the lowest rates of 




[approximately 26 percent), 
flue-collar versus white-collar differences are 
ut still show a higher percentage of current 
lue-collar workers. Occupational categories 
rates of current smoking include craftsmen 
ers (approximately 45 percent current smok- 
aod administrators (38 percent), with the 
jurrent smoking occurring among women 
ional, technical, and kindred occupations 


current 
2. Among 
less proni 
smokers 
with the 
and kind' 
era) and 
gest 
ploy 

KpcrceS£)S^ 

I^^rences in daily cigarette consumption are 
generally: modest. [For both men and women, the highest daily 
consumpt^^^iS^arettes occurs among managers and admin¬ 
istrators ana Cragsmen and kindred workers. 

4. Blue-colla*|0^{tep (both men and women) report an earlier 
onset of than white-collar workers. A substantial 

fraction bf"*inbkers report Initiation of smoking at ages 
coincident with thjir entry into the workforce. 


5. Blue-col la: 
smokers t! 
pronoun 
homemak' 

6. Black worl 



lions have a lower percentage of former 
illar occupations; this difference is most 
men. Among women, the pattern for 
parallels that of white-collar women, 
rs have higher smoking rates than white workers, 
with black male blue-collar workers exhibiting the highest 
smoking rate. Black workers also have lower quit rates than 
white workers. In contrast, white workers of both sexes are 
more likely to be heavy smokers regardless of occupational 
category. 


n 
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Evaluation of Smoking-Related Cancers in the Workplace 

1. Cigarette smoking and occupational exposures may interact 
biologically, within a given statistical model and in their public' 
health consequences. The demonstration of an interaction at 
one of these levels does not always characterize the nature of 
the interaction at the other levels. 

2. Information on smoking behaviors should be collected as part 
of the health screening of all workers and made a part of their 
permanent exposure record. 

3. Examination of the smoking behavior of an exposed population 
should include measures of smoking prevalence, smoking dose, 
and duration of smoking. 

4. Differences in age of onset of exposure to cigarette smoke and 
; occupational exposures should be considered when evaluating 
■ Studies of occupational exposure, particularly when tne ex- 

population' is relatively young or the exposure is of 
^'relatively recent onset. 

f _,'l 

Evidualjori of Chronic Lung Disease in the Workplace 

OSxistTlg resources for monitoring the occurrence of occupation- 
Igjfe diseases are not comprehensive and do not include 
t infegmation on cigarette smoking. Other approaches, auch as 
phefilt&es, might offer more accurate data and facilitate 
related to occupational lung diseases. Because of the 
■vlf lability in diagnostic criteria for chronic lung disease, in 
bsAyktjjsji Oil occupational lung diseases emphasis should be 
""sJacedW measures of physiological change, roentgenographic 
^re^inrmality, and other objective measures. 

studies thet correlate lung function with histopatholo- 
: gy should be carried out in occupationally exposed smokers and 

3. i i ht'^e£rscts of cigarette smoking on the chest x ray should be ! 
-d$P>med, In particular, the sensitivity of the 1LO classification 
pttT'Sfffijking-related changes should be further evaluated in 
Hwtt&hy populations. 

4. To determine if smoking is reported with bias by occupational- 
plgilipSsed workers, self-reported histories should be compared 
1 with b^logical markers of smoking in appropriate populations. 

5pPi^§$^usms through which specific occupational agents and 
yujjgret±e smoking might interact should be systematically 
NSfrawSred Both laboratory and epidemiological approaches 
should be used to evaluate such interactions. 

6. Statistical methods for evaluating interaction require further 
development. In particular, the biological implications of 
conventional modeling approaches should be explored. Fur¬ 
ther, the limitations posed by sample size for examining 
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independent and interactive effects should he evaluated. The 

consequences of coiaclarsificatkm by exposure estimates and of 
the colincarity of exposure variables should also be addressed. 

7. The role of cigarette smoking in the "healthy worker effect" 
requires further evaluation. 

8. Approaches for apportioning- the impairment in a specific 
individual between occupational causes and cigarette smoking 
should be developed and validated. 


Chronic Bronchitis; Interaction of Smoking and Occupation 

1. Chronic simple bronchitis has been associated with occupation¬ 
al exposures in both nonsmoking exposed workers and popula¬ 
tions of exposed smokers in excess of rates predicted from the 
smokiftg-tujijd.;alone. Among these exposures are coal, grain, 
silica, pj^l&mSing environment, and to a lesser extent, eulfur 
dioxidd'and cement. 

2. The evfffftppe Indicates that the effects of smoking and those 

occupaj^§L$ients that cause bronchitis are frequently addi¬ 
tive in?proauc5ig symptoms of chronic cough and expectora¬ 
tion. commonly been demonstrated to be the more 

it tor in producing these symptoms. 


Asbestos- 


orket-s 


1. Asbestos exposure can increase the risk of developing lung 
g^Skncer K&tSiSliliigarette smokers and nonsmokcre. The risk in 
™y^garetfej!8#r , olang asbestos workers is greater than the sum of 

the ra^oHhejpdependent exposures, and is approximated by 
^^ultipl^^^^risks of the separate exposures. 

2. The riil^^f..^feveloping lung cancer in asbestos workers 
increaseS^fm increasing number of cigarettes smoked per day 
and increasusj^Burnulative asbestos exposure. 

3. The risl^^aeygloping lung cancer declines in asbestos workers 

who stobjmokiflg when compared with asbestos workers who 
continue to smS^ce. Cessation of asbestos exposure may result 
in a of developing lung cancer than continued 

ex posu rl ,%tit'the risk of developing lung cancer appears to 
remain §ks^&|gptiy elevated even 25 years after cessation of 
exposure. 8 * 

4. Cigarett|^|!6(l^|ig and asbestos exposure appear to have an 
independent anti additive effect on lung function decline. 
Nonsmoking asbestos workers have decreased total lung capac¬ 
ities (restrictive disease). Cigarette-smoking asbestos workers 
develop both restrictive lung disease and chronic obstructive 
lung disease (as defined by an abnormal FEV|/FVO, but the 
evidence does not suggest that cigarette-smoking asbestos 
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workers have a lower FEV,/FVC than would be expected froi 
their smoking habits aJone. 

5. Both cigarette 6tnokmg and asbestos exposure result in a 

increased resistance to airflow in the small airways. In th 
absence of cigarette smoking, this increased resistance in th- 
small airways does not appear to result in obstruction 01 
standard spirometry as measured by FEV,/FVC. 

6. Asbestos exposure is the predominant cause of interstitia 
fibrosis in populations with substantial asbestos exposure 
Cigarette smokers do have a slightly higher prevalence of chest 
radiographs interpreted as interstitial fibrosis than nonsmok¬ 
ers, but neither the frequency of these changes nor the severity 
of the changes approach levels found in populations with 
substantial asbestos exposure. 

7. The promotion of smoking cessation should be an intrinsic part 
^||$||ffort3 to control asbestos-related death and disability. 


JjtespihSftory Disease In Coal Miners 

' "gjl dust exposure is clearly the major etiologic factor in the 
iuction of the radiologic changes of coal workers' pneumo- 
Siosis (CWP). Cigarette smoking probably increases the 
#valence of irregular opacities on the chest roentgenograms 
moking coal miners, but appears to have little effect on the 
alence of small rounded opacities or complicated CWP. 
easing categoiy of simple radiologic CWP is not associated 
increasing airflow obstruction, but increasing coal dust 
ure is associated with increasing airflow obstruction in 
smokers and nonsmokers. 




the introduction of more effective controls to reduce the 
of coal dust exposure at the worksite, cigarette smoking 
8 become the more significant contributor to reported cases 
^disabling airflow obstruction among coal tniners. 
jarette smoking and coal dust exposure appear to have an 
^pendent and additive effect on the prevalence of chronic 
and phlegm. 

5. Increasing coal dust exposure is associated with 3 form of 
^^^l^bysema known as focal dust emphysema, but there Ls no 
definite evidence that extensive centriiobular emphysema 
|rs in the absence of cigarette smoking. 

6|Thg majority of studies have shown that coal dust exposure is 
^wcfiassociated with an increased risk for lung cancer. 

7. Reduction in the levels of coal dust exposure is the only method 
available to reduce the prevalence of simple or complicated 
CWP. However, the prevalence of ventilatory disabilities in 
coal miners could be substantially reduced by reducing the 
prevalence of cigarette smoking, and efforts aimed at reducing 


14 


http://legacy.library.ucsf.edfi«!tiri'4tefCRtt|Sflt/|!!MWvw.industrydocuments.ucsf.edu/docs/zxgl0001 


r 


52614 3753 




BEST 

COPY 


i 

i 



retaliatory disability should include efforts to enhance success¬ 
ful smoking cessation. 


Silica-Exposed Workers 

1 . Silicosis, acute silicosis, mixed-dust silicosis, ailicotuberculoeui, 
and diatomaceous earth pneumoconiosis are causally related to 
silica exposure as a sole or principal etiological agent. 

2. Epidemiological evidence, based on both cross-sectional and 
prospective studies, demonstrates that silica dual is associated 
with chronic bronchitis and chronic airways obstruction. Silica 
dust and smoking are major risk factors and appear to be 
additive in producing chronic bronchitis and chronic airways 
obstruction. Most studies indicate that the smoking effect is 
stronger t|ian the silica dust effect. 

3. PathologicaT'||t(d^es describe mineral dust airways disease, 
which is ^i&rpfidtbgically similar to the small airways lesions 
caused bytigarette smoking. 

4. A numberioQffudiiea have demonstrated an increased risk of 

" ! rkere exposed to silica, but few of these 

uately controlled for smoking. Therefore, 
standardized mortality ratios for lung 
pulations suggest the need for further 
potential carcinogenic effect of silica expo¬ 
rt a combined exposure with other possible 
dence does not currently establish whether 
eases the risk of developing lung cancer in 




|pl efforts should be an iropcriant concomitant of 
e burden of silica-related illness in working 


lung can 
studies h. 
while the 
cancer in 
investigat 
sure (parti 
carcinoge 
ex 

,_s 

ma 

SS. , 

jng 
to 

populations? 

Occupational Ejipo^ures to Petrochemicals, Aromatic 
Amines, and 

1. The biotra|imbilifim.ion of industrial toxicants can be modified 
at least toNtwevi^tent by the constituents of tobacco smoke 
through enzyme induction or possibly inhibition. Both tobacco 
smoke an|®iSSSp industrial pollutants contain substances 
capable ofinitiari^ and promoting cancer and damaging the 
airways adn^fp^j^iarenchyma. There is, therefore, an ample 
biologic bawad^^specting that important interactive effects 
between w®S*vi%rkplace pollutants and tobacco smoke exist. 

2. In mortality studies of coke oven workers and gas workers, 
convincing evidence has indicated that work exposures to oven 
effluents are causing an excess risk of lung cancer in spite of 
the lack of adequate information on smoking. Other mortality 
studies that suggest small increases in smoking-retated dis- 

is 
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eases, such as pancreatic cancer in refinery workers, cannot be] 
interpreted without more information on smoking. 

3. For bladder cancer, the interactions between smoking and] 
occupational exposure are unclear, with both additive and 
antagonistic interactions having been demonstrated. 

4. The risk of pulmonary disability in rubber workers was] 
increased when smoking and occupational exposure to particu-1 
lates were combined. There are few empirical animal experi-f 
ments that demonstrate interactive effects between cigarette] 
smoking and various industrial chemicals for lung disease. 



Cotton Dust Exposure and Cigarette Smoking 

1. Byssinosis prevalence and severity is increased in cotton textile 
workers who smoke in comparison with workers who do not 

2. smoking seems to facilitate the development of 
byssinosis in smokers exposed to cotton dust, perhaps by the 

:.,Ln<iucticm of bronchitis. Cotton mill workers of both sexes 
ke hove a consistently greater prevalence of bronchitis 
^smokers. 

ance of cigarette smoking to byssinosis prevalence 
F£o grow with rising dust levels (a smoking-cotton dust 
"Ian). At the highest dust levels, cigarette smoke was 
interact with cotton dust exposure to substantially 
pthe scute symptom prevalence, 
iters with byssinosis have lower preshift lung function) 
ater cross-shift decline in lung function than asyrnp-l 
workers, and those workers with bronchitis generally: 
|er preshift lung function than those without bronchi- 
snerat, smokers have lower lung function than non- 
i among cotton workers, both in those with bronchitis 
Jliose with byssinosis. 

the average forced expiration values measured at the 
™ 0 f|a shift are reduced among smokers, the cross-shift 
iteeiwrevin function docs not seem to be affected by smoking 
Status. 

iribution of the acute byssinotic symptoms (grades 1/2 
1) to the subsequent development of what have been 
Ihe chronic forms (grade 3) of byssinosis (which include 
Substruction) is not well documented; however, chronic 
Substruction has been found more frequently in cotton 
textile workers than in control populations, and this lung 

function loss appears to be additive to that caused by cigarette 

smoking. 

. Cotton dust exposure is significantly associated with mucous 
gland volume and peripheral goblet cell metaplasia in non- 
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smokers, a pathology consistent with bronchitis. Among dga- 
rette smokers, the interaction of cotton textile exposure and 

smoking is demonstrable for goblet cell hyperplasia. Centrilo- 
bular emphysema is found only in association with cigarette 
smoking and pipe smoking. There is no emphysema association 
found with cotton dust exposure. 

8. The evidence does not currently suggest an excess risk of lung 
cancel among cotton textile workers. 


Ionizing Radiation and Lung Cancer 

1. There is an interaction between radon daughters and cigarette 
smoke exposures in the production of lung cancer in both man 
and animals. The nature of this interaction is not entirely clear 
because of the conflicting results in both epidemiological and 
a nimal Studies^ 

2. The int^gpr^frlbetween radon daughters and cigarette smoke 
exposuci!' may consist of two parts. The first is an additive 
effect oSettle nlBfnber of cancers induced by the two agents. The 

V ■WMV’ ? ” 



second 

cigaretti 

radiatiog 

smoker 

distribui 

ers, app 


astening effect of the tumor promoters in 
on the appearance of cancers induced by 
it the induction-latent period is shorter among 
ponsmokers and the resultant cancers are 
e differently between smokers and nonsmok- 
rlier in smokers. 


in Programs in the Workplace 
ififeation and maintenance of nonsmoking status 
quitters has the promise of being more successful 
worlq^^gg^Tams than in clinic-based programs. Higher 
cessation rates m worksite programs are achieved with more 
intensiv| 

gnsmoking appear to be associated with higher 
n,d better success rates. Further research is 
the optimal types of incentive procedures, 
ksite smoking program depends upon three 
the characteristics of the intervention pro- 
cteristics oT the organization in which the 
and the interaction between these factors 
don recruitment strategies and participation 
smoking programs and on the impact of 
he entire workforce of a company. 

5. More investigations are needed on worksite characteristics 
associated with the success of occupational programs and on 
comprehensive programs including components such as quit¬ 
smoking contests, no-smoking policies, physician messages, and 
self-help materials in addition to smoking cessation clinics. 


2. Incentives 
particip 
needed 
-3. Success 

primary, factors; 
gram, tfgHslSI^l 
p rogra nrkiSLfffljfll 
4. Researcl 
rates in 
intervei 
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6. The Implementation of broadly based health promotion efforts 
in the workplace should be encouraged, with smoking interven¬ 
tions representing a major component of the larger effort to 
improve health through a worksite focus. 
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Introduction 

Estimates of current smoking behavior reported in this section of 

the Surgeon General's Report were obtained from the 1978, 1979, 
and 1930 National Health Interview Surveys (NHIS). A data tape 
was prepared by the National Center for Health Statistics to allow 
linkages across surveys, thereby permitting analyses of the com¬ 
bined 1978-1960 NHIS (n = 49,715). The majority of the analysis 
presented in this chapter were conducted on the population aged 20 
to 84 (n = 38,527). Given the large samples and exceptionally high 
response rates of NHIS, these estimates are generally regarded as 
the best available estimates of national smoking patterns. To 
examine recent 10-vear changes in smoking behavior by occupation¬ 
al category, the 1978-1980 NHIS estimates have also been compared 
with the 1970 NHIS estimates for selected smoking variables, A 
more detailed (jsscriptipn of the NHIS data base is provided in the 
Technical Adden datj jggghhis section. 


Patterns of Employment 


Before chars! 
workforce, it wi 
for men and wqi 
be employed in| 


| the smoking behavior of the U S- adult 
bful to describe the patterns of employment 
i is shown in Table 1, men are more likely to 
jonal and technical, management, and blue- 


collar occupations V/qimen are more likely to be employed in 
professional anjtf^al and clerical and service occupations or to 
be hometnakera AJlhough there was an increase in participation by 
wo^^^ln whilPiH^! occupations between 1970 and 1980, the 
ran«^|$of occtjjH^onal categories by their relative frequency for 
ijmkfLjiibout the same in 1980 as it did in 1970. 
^TtSW^fielatrve frequency, farm, sales, and clerical 
service workers have less impact on the 
■jiv-io) the total male workforce, and female farm 
^gpftlsmen and kindred workers, sales workers, 
^tt.-.M6MJJninistrators have a modest impact on the 


Because of theji 
workers, labor^ 
smoking behavfi 
workers, laborei 
and managers i 


smoking behav^&Qlje total female workforce, 


Smoking Prev*f- 

Surveys hav^ff^^^dly shown that blue-collar workers are more 
likely than white-tollair workers to smoke cigarettes (US DHEW 
1979). Recent from NHIS continue to substantiate this 

finding (Table 2). Overall, smoking rates for blue-collar men (47.1 
percent) exceed that of white-collar men (33.0 percent). The same 
pattern holds for women, but is less pronounced, with smoking rates 
among blue-collar women (38.1 percent) exceeding that of white- 
collar women (31.9 percent). Among women, this white-collar-blue- 
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TABLE 1.—Estimates of the occupational distribution of 
men and women, aged 20 to 64 years. United 
States, 1970-1980 


W*n 


Women 


Occupation 




0/rWrt</r ttnpioyetj 
W>ute-Doli»r VoLkI 

Prpf**m#uL 
t^chnioU. md 
kiftdr«l marken 

UiA*l*ni «r,d 
a^fatUiiot retort. 



1370 

im-ao 

1970 

1378-60 

47 Ji 

ta.i 

47-P 

477 




40J6 

Xi2 

u» 

1-5 

\IA 

13J 

13.6 

1,4 

<A 

S/> 

iJ 

24 

36 

fij 

is 

17-1 

2Q.fi 

<3 1 

4o.e 

90 

71 

19J 

ao.v 

fli 

u 

16 1 

hi; 

80 

72 

5-1 

it 

0-2 

96 

54 

6.1 

10 3 

10 8 

37 

Vi 

QJ& 

0.6 

3.6 

41 

3-2 

13 

- 

- 

52-5 

41.7 


-Kite*to(Ur. bl-jr-cofUr. •ervs at . *nd farm OQra^etMXta! c*kfUO«( *re mutually ucJufve; 

1>.M* nf' (* “U*e»»p*OVrd" o*«y oUi he cW^lTk« 1 in an ®o^>*uo«saJ [r^Mp «A t*i« tuna if 

TcMktni trv % small 4 **nc« ti cn««Up u^firvn 

RCE Naue^it Center far Health StatistiQt, NaLnse*t Health Intereww iwrvey, J97Q and 1974 1900 
'Sew 7P^in icai AiHervJsctt } 

co!l$ryfiffe|!ence exists only for the younger age group (aged 20 to 
44);i?8TTJfW^f women (aged 45 to 64) there is virtually no difference in 
smoy^jy^jivalence between these two categories of workers. 

the highest rates of current smoking occur among 
craftsmen and kindred workers, operatives and kindred workers, 
laborers, service workers, and the unemployed. The lowest smoking 
rates for men occur among professional,-technical, and kindred 
workers, managers and administrators, clerical and kindred work¬ 
ers, and farm workers. 
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TABLE 2.—Estimates of the percentage of current smokers 
by ser, age, and occupation, aged 20 to 64 
years. United States, 1976-1980 


Toul 

CyiTTflUy employed 

W>Ut*H»JW tOUl 

profe*4*ort*i. 
tachotcd. *rul ^ 
kiodrrd vnrbtrv v 

UiAi^rt wvi &S| 
mi naira larv v >'" 
t* crpt fan* 

S*ie« t*wkm 5 
Cl«f>Ct! 

tjjvJrcd *ork«r* 

3l«e-COJI*^ UUi ^ 

Crtftxraeu And '■ 
red worVi»r^ ^ 

4ftJ * 

Usdj»k.»'M*in 5®, 


F arm 

IJ r*mpJ ayfrd 

l>»tul ACUVlljt, 

tooi*rr»* fcjr^ 



Women 





3M4 

46-64 

Toul 

»-44 

45-64 

34J 

314 

43-9 

41.4 

39J 

MO 

Jli 

W9 

403 

37.7 

31.9 

313 

93.0 

m 

312 

W.I 

TlS 

25.7 


»6 

37.8 

392 

9>3 

339 

372 

332 

33-5 

40.6 

<2.0 

K0 

339 

31-4 

r 7 

36.4 

40. < 

41J 

JJJ 

IT. 3 

48 7 

<36 

a 4 

430)* 

46.1 

47.s 

416 

402 

201 

4fl 6 

60 4 

WJ 

0.0* 

1<J “ 

46.8 

47.3 

«.1 

39 .8 

327 

<7j 

433 

JdO 

313 * 

71* 

31.5 

289 

34J 

417 

30* 

« l 

539 

609 

35 I 

30.4 





r or women;wp)"^ years oi age, tne rngnes<. smoKing rates are 
ound among;^gs|J^en and kindred workers and managers and 
idminLscratorisrrciftu^ women 20 to 44 years of age, there are also 
datively high smoking rates among operatives and kindred work¬ 
ers, service workers, and the unemployed. The lowest rates of 
:urrent smoking occur among professional, technical, and kindred 
vorkers, regardless of age. For homemakers, the category represent¬ 
ing nearly 42 percent of all women aged 20 to 64, the prevalence of 
;moking among those aged 20 to 44 is midway between the 
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prevalence rates for ■white-collar and blue-collar occupations. How¬ 
ever, among women 45 to 64 years of age, smoking rates vary little 
by occupational group (with the single exception of managers and 
administrators), with white collar-workers, blue-collar workers, and 
homemakers all having approximately the same smoking preva¬ 
lence. 

Among men, a more detailed breakdown of smoking by occupation 
(Table 3) shows that painters, truck drivers, construction workers, 
carpenters, auto mechanics, and guards and watchmen have the 
highest rates of current smoking (among occupations having 100 or 
more cases in the 1978-1980 NHIS), each exceeding 50 percent. In 
contrast, electrical and electronic engineers, lawyers, and secondary 
school teachers have the lowest rates of current smoking, all under 
25 percent. 

^itnen, waitresses have a noticeably higher rate of current | 
him other groups (Table 4). followed by cashiers, asaem- 
; aides, machine operators, practical nurses, and packers I 
—all of whom have ratea of current smoking that equal I 
HO percent. The lowest rates of smoking occur among! 
|oyed as elementary school teachers, food service work-1 
Sere, and sewers and stitchers. 

1 the exemplar role of physicians and nurses in regard to ! 

smoking rates are of special interest. Although the ! 
atively small, physicians have among the lowest rates of 
Sking (18.1 percent). Among nurses, the pattern of 
|ects the white-collar-service worker distinction: regis- 
have among the lowest rates of current smoking, but 
nurses have among the highest rates (Table 4). 


-w 

blert, nur 

and-wrap 



Consumption 

For nTtn ^occupational differences in cigarette consumption do not 
loUo^gS0irs^me patterns observed for prevalence. Oti the average, 
aduit li m-Ste?-'4vhite-co!lar smokers consume 24 cigarettes per day, 
esserttfe-ffy^tbe same as the number of cigarettes consumed by blue- 
collar smokers (23.3) (Table 5). In virtually all occupational sub- 
; men report an average daily consumption exceeding 20 
onsumption levels are highest among managers and 
and sales workers. These numbers represent daily 
gumption and need to be interpreted with some caution, 
Ibe a substantial underreporting of cigarette consump¬ 
tion, and the tendency to underreport may not be constant across 
occupational categories 

For women, no difference in consumption is found between white- 
collar and blue-collar smokers. On the average, white-collar female 
smokers consume 19.5 cigarettes per day, compared with 19.8 
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TABLE 3,—Specific occupations with highest and lowest 
estimates of current smoking, men, aged 20 to 
64 years. United States, 1978-1980 


Qtxup*6M! 


H<h«t r»u» 


2 

3. 

i 

6 

& 

7. 

I 

9 

10 . 


Piml«n oork*l/vicuoa tnd nwunUilAjvhe LfilOl 
Truck dri**r* (715} 

Coffftruciioa Ubomx. c+rpenu-rt’ W*| t>er * OSI) 

C^rpc-airo (415} 

Auto ncclwiics ( 473 } 

Guardi JV*. «g<9$2) 

janitori 

Aa^rcvbNm' (50H 
EJ «ei nciani' ( 


SnWa rep 


la*ei'. ratea 

J. EfcctruW j 
2. L* wye re (Oil} 

3 Scoorwiarr 

4. Arc*unlanti (OOlJf 


$hok*aIt trad* (282) 


«n4nrtaer* (Gl2j 


i (144) 


broken (2701 


Current unok«n 
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cigarettes smokers, 19.4 cigarettes for homemakers, 

and 19,0 cigjprgtt?9'(or service workers. Female smokers employed as 
managers Q£ administrators or as craftsmen or kindred workers 
consumption levels, averaging more than 20 
omen employed in professional, technical, or 
report lower average daily consumption How- 
ese differences are not large, averaging fewer 
cigarettes per day. 

The higher the average daily consumption of cigarettes within an 
occupational group, the more likely it is that this group will also 
contain a higher percentage of heavy smoker3 (more than 20 or more 
than 40 cigarettes a day). Overall, 72 percent of the male smokers 
employed in white-collar occupations reported smoking more than 20 
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kindred occ 
ever, like t 
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TABLE 4.-—Specific occupations with highest and lowest 
estimates of current smoking, women, a god 20 

to 64 years, United States, 1978-1980 



Current icu>4tri 

Occupation 

lperce*Uc*> 


5. r^UoU nurra <926) 

7. P*capperv «di»dinf o»e#i/product (StJ) 
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txcludirtf private households C^2) 289 
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1 NKl&«n wkM < Ntuubvr* u> >«ntthcv« ke/Mtf rak »*Jwc* (nmi iN< l/S. &un*i <J 
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C*nUrr (or H««I<K StaUatKCv NalxMiaJ :l««ll>\ UUr>v« Syoryv 1 J 1 HM 0 Iox«kin«il 
T«&$OT > A<UeM<u» J 


cigarettes a'^ay, and over 21 percent reported smoking 40 or more 
ciga^^afejgf day (Table 6). Comparable figures for blue-collar 
smofers are 72 percent and 18 percent, respectively. 

women (Table 7), the percentage of heavy smokers is 
genejraU|' lower than for men, with women employed as craftsmen or 
kindfltPv«8&.ers reporting higher percentages of heavy smoking 
than other female occupational groups. The pattern for homemakers 
closely parallels that of white-collar workers, but service workers 
have slightly lower rates of heavy smoking than whiteeollar 
workers. For both men and women, and across virtually all 
occupational gToups, smokers 45 years, of age or older are more likely 
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TABLE 5-—Estimates of average dally cigarette 

consumption among current smokers by 8CX, 
age, and occupation, aged 20 to 64 years. 
United States, W&-J980 
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to report a highp 
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itage of heavy smokers than their 20- to 44- 


Age of Initiation 

Men employed as blue-collar workers initiate smoking approxi 
mately 14 months earlier, on the average, than men employed in 
white-collar occupations (Table 8). The earliest ages of initiation are 
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TABLE 6.—Estimates of the percentage of current smokers 
who smoke more than 20 or more than 40 
cigarettes daily, by age and occupation, men, 
aged 20 to 64 years. United States, 1978-1880 


Oocup€(ion 
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SOU^CC National Ceater for Health Stalwtiea. laL 

T. ’ 


imrf Sur«wr«v !l^§-LW0 leam6*A«d) 


repo^^^te^uen employed as laborers (16.5 years), operatives or 
kindled workers (16.6 years), or craftsmen or kindred workers (16.8 
years). Men employed in professional, technical, or kindred occupa¬ 
tions, or as managers or administrators, sales workers, or clerical or 
kindred workers report later onset of smoking, ranging between 17.7 
and 18.1 years of age. 

For women, blue-collar and service workers report a somewhat 
earlier onset of smoking than white-collar workers or homemakers 
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TABLE 7.—Estimates of the percentage of current smokers 
who smoke more than 20 or more than 40 
cigarettes daily, by age and occupation, women, 
aged 20 to 64 years. United States, 1976-1980 
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P|g|sfearliest age of initiation occurs among women 
rers X17.4 years of age) or operatives or kindred 
rs of age), and the latest age of initiation occurs 
mployed in professional, technical, or kindred 
years of age). Across all occupational categories, 
lier age of initiation than women; this difference is 
"cithin the 45 to 64 age group. 
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TABLE 8.—Estimates of average age of initiation of 

smoking among current and former smokers by 
Bex, age, and occupation, aged 20 to 64 years. 
United States, 1976-1960 
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An important inference of the age oT initiation reported in Table 8 
is that a substantial fraction of smokers report beginning to smoke at 
ages when they would be first entering the workforce. This suggests 
that a set of influences that promote initiation may be present in the 
initial socialization into the workforce. 
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Quitting Behavior 

Because cigarette smoking usually begins between the ages of 12 
and 25 (US DHEW 1979; US PHS 1973, 1976) the prevalence of 
smoking among people 25 years of age or older is determined in large 
part by the rate at which they stop smoking (or die). The percentage 
of former smokers (as a portion of "ever smoked”) by occupational 
group is reported in Table 9. For men, relatively higher percentages 
of former smokers are found among professional, technical, and 
kindred workers (55.2 percent) and managers and administrators 
(47.7 percent)—the same occupational groups reporting lower rates 
of current smoking (Table 2). The striking feature for women is the 
uniformly lower percentage of former smokers when compared with 
men. However, even here the same general pattern can be found; 
occupations fth^t have lower rates of current smoking also tend to 
:|p^ntage of former smokers. In general, there are 
lerencea by occupational category, with white-collar 
fth seS^s having a higher percentage of former smokers 
^kers. This white-collar-blue-collar difference is 
hong men, Among women, homemakers tend to 
f white-collar women. 

ir q that the lower percentage of former smokers in 
bn3 occurs simply because blue-collar workers 
vhite-collar workers to attempt to quit. Among 
jrrent smokers are more likely to report "a 
guit smoking (Table ID), but these differences are 
i large as ihe white-collar-blue-collar differences 
of former smokers. Among women, the whitc- 
I'ferenccs are relatively small and show a mixed 
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workers of 
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> atte 
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pattern. 


Recent Chatv 



Smoking Behavior 


A compafIS©TT' ! Bl? smoking estimates for the period 1970-1980 
reveals scv^raHrrt^resting changes by occupational group and sex 
(Table 11). Aunong ^en, there was a 19 percent proportionate decline 
in smoking|lpi!§§S?i&nce between 1970 and I960 for white-collar 
workers (40yLx&J&0 percent), compared with a 14 percent decline 
for blue-cot@r^j?m%ira (55.0 vs. 47.1 percent). Occupations with the 
largest declta«Jj&s*|(ale smoking include professional, technical, and 
kindred oceKi'pa/fioris (21 percent decline) arid farm workers (20.7 
percent decline); the unemployed (3.6 percent) and service workers 
(10.9 percent) had the smallest proportionate declines in smoking 
prevalence. 

Among white-collar women, there was a proportionate reduction 
in smoking prevalence of 11.6 percent between 1970 and 1980 (36.1 
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TABLE 9. —Estimates of the percentage of former smokers 
by sex, age, and occupation, aged 20 to 64 

years, United SUtea, 1978-1980 
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(uAwciftsiMl | 

C*»ki t<K Health Statatica. N«uco*J ILcaith IaUtvw 


197«-1«0 ,e>rWlJ 


vs. i^SiSSSsfeentj, but blue-collar women showed virtually no change 
in spoking prevalance (L.O percent proportionate increase). 

Tpfe^iiSEer rate of decline in smoking prevalence for men has 1 
produced two fundamental changes in the occupational 6moking 1 
patterns in this country. In 1970, men employed in professional, 1 
technical, or kindred occupations or as managers or administrators ' 
had a higher rate of smoking than their female counterparts. By the i 
end of the decade, this pattern had been reversed; a slightly higher 1 
percentage of women in these two occupational groups now smoke 
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TABLE 10.—Estimates of the percentage of current smokers 
who have ever acrioualy attempted to quit by 
sex, age, and occupation, aged 20 to 64 years. 
United States, 1976-1980 


Oml<“ 


Tool 




tl-S< 


Tool 


3tM4 


<S-W 


Tout sa j 

Curreftlij «wiplay**J 56.4 

WfciiMfltltr touL M.T 

rr^ewon«L r 

technical. 

kioJred worker* 

Mvwftfi uW 

idnuaiMnitoa 
tiaept ffcTm w 



U«u*J . 

Hoentmitir* f—^ 


* < too can 
SOURCE K f m, 
iSrw Adds 



606 

668 

60 1 

691 

614 

60 3 

441 

6Q.I 

M2 

610 

€1.7 

64.8 

60S 

<0.1 

63J 

S22 

621 

668 

66.6 

738 

<4.4 

S46 

cal 

696 

<14 

€34 

32.0 

60.9 

53 2 

645 

60.6 

515 

U8 

666 

«U 

593 

Mi 

«« 

57.7 

610 

522' 

619' 

»4 

589 

60.7 

60.1 

Si a 

57 9 

56? 

61.1 

419 * 

M9- 

37 4 

360 

<22 

46.9 

M 0 


W7 

57.9 

T7-T 

789" 

fii.O 

41 3 4 

60.?' 

€4.9 

716* 

509 

W-v 

«9: • 

*09 

50 7 

- 

- 

- 

<«hl«d wapiti 

, SiatKtKs* Niratfcii Health Iritwv Survayv UvratuMK*) 


cigarettes. Ifi.t^||E{ ! g.yious 10-year trends prevail, by the end of this 
decade womepPiS^ewtely to reach parity with rneu in the prevalence 
of smoking among blue-collar workers (as an aggregate) and clerical 
and kindred workers, and to surpass men in smoking prevalence in 
two additional occupational categories: craftsmen and kindred 
workers and laborers. 

As is shown in Table 12, only one specific occupational group for 
men showed a net gain in smoking prevalence between 1970 and 

35 


# 


http://legacy.library.ucsf.eciij/"id/jSipu7a00/pdi w.industrydocuments.ucsf.edu/doc§^“l*l*l< 








TABLE 11.—Estimated of the percentage of current smokeiij 
by aex and occupation, aged 20 to 64 ye&n^ 
United States, 1070-1980 
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1980 (i.e.^SS^^iaRs), but painters, farm laborers, stock clerks and 
storekeepers^ ana deliverymen and routemen had net reductions in 
excess o^^^^entage points. Among women (Table 13), three 
occupational groups showed a net increase in 6mokicg prevalence 
between 1970 and 1980 (practical nurses, cashiers, and packers and 
wrappers), but relatively large net declines in smoking prevalence 
Occurred among receptionists, waitresses, bank tellers, secretaries, 
and hairdressers and cosmetologists. 
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TABLE 12.—Specific occupations with largest estimated net 
changes in smoking prevalence between 1970 

and 1980, men, aged 20 to 64 years, United 

States 


Occupation 
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The 10-y 
among whi 
increase in t! 
cigarettes a 
men (Table 



;es in daily consumption patterns show that 
ar** men, there was a 1.8 percent proportionate 
entage of smokers who averaged 20 or more 
pared with a 3.3 percent increase for blue-collar 
Sessional, technical, and kindred workers, clerical 
and kindred'worker^, and the unemployed showed a net decrease in 
the percenta|jg|^gjSbk.ers of 20 or more cigarettes a day. The overall 
pattern is orie of modest differences. 

For wome^^|i^^portionaLq increase in number of smokers of 20 
or more day was 7.4 percent for white-collar workers 

(55.3 vs. 59-4^^111%^) and 4.8 percent for homemakers (56.4 vs. 59.1 
percent). Service workers showed virtually no change between 1970 
and 1980. Among blue-collar women however, the proportionate 
increase in smokers of 20 or more cigarettes a day was a much larger 
20.4 percent (51.5 vs. 62.0 percent). High proportionate increases in 
20-plus smokers occurred among women employed as operatives or 
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TABLE 13.—Specific occupations with largest estimated He 

changes La smoking prevalence between 1970 

and 1980. women, aged 20 to 64 years. United i 
States 
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Addendum ) 



|rkers (37.8 percent) or craftsmen or kindred workers (33.2 
Jf these 10-year trends continue, by the end of this decade 
fecMg^Stue-oollsr smokers may surpass their male counterparts in 
the^TStffilage classified as moderate to heavy smokers (i.e., smoking 
m£>r$''thSrfc20 cigarettes a day). 

Among then, the net change in smokers averaging more than 40 

cijpliiilP'a day generally parallels that of 20-plus smokers (Table 
IS^jJJhtly^jjhe unemployed show a net decrease in the percentage of 
cuf^li^smokers averaging 40 or more cigarettes a day. Among 
net changes in heavy smoking between 1970 and 1980 
ar# malivfily modest 


Slrth Cohorts 

Although there has been a 10-year decline in smoking prevalence 
for male blue-collar and white-collar workers and for female white- 
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TABLE 14 .—Estimates of percentage of currant smokers 

who smoke JO or more cigarettes daily, by sex 
and occupation, aged 20 to 64 years. United 

States, 1970-1980 
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collar wor^il|Niivice workers, and homemakers, this does not 
necessarily that rates of lung cancer (and other cigarette- 

linked diseases) wdl decline in the near future. What transpires 
during the next 10 to 20 years with regard to lung cancer incidence 
and mortality will be determined by those birth cohorts now 
entering the ages at which substantial numbers of lung cancer 
deaths occur. Figures 1 through 6, based on data from the combined 
1978-1980 NHIS, present the prevalence of smoking among succes- 
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FIGURE l.—in the prevalence of cigarette 

among successive birth cohorts of 
n, 1900-1978 

Cwbf Iof Health SulwCo. NaUx^l Health Lui^rwe# Suixr*. 17TB-I9M 

^NftSMkWtoe^ 

ly high peak prevalent^ of 74.6 percent—which has since declined to 
36.3 percent—^j^lf^still higher than the current 28.3 percent 
prevalence estimate for the 1911-1920 cohort However, one encour¬ 
aging note is lnSM$ni| 1921-1930 cohort is currently smoking less 
frequently at 60 than the 1911-1920 cohort did when they 

were 50 to SoPiffhsHoi age (36.3 vs. 40.1 percent). If the 1921-1930 
cohort of white-collar men achieves the same proportionate reduc¬ 
tion in smoking during the nert 10 years as the 1911-1920 cohort did 
during the previous 10 years, by 1990 the 1921-1930 birth cohort will 

be smoking at a lower rate than the 1911-1920 cohort did in 1978. In 
a continuation of this general trend, all cohorts of white-collar men 
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FIGU 


SOURCE 

fau»btrvr4» 



anges in the prevalence of cigarette 
oking among successive birth cohorts of 
,s»-S^hite U.S- men, 1900-1978 

fkauorvuJ C^aU-r hr HiaJth Statmto*, Kk»«*I kh Fnt^ev^^ Sur^rya, l}Tf-iM) 


after tr^^^^l930 cohort have lower rates of smoking than 
previous cohorts at comparable ages, and also have successively 
lower prevalence. 

The samejgenerai pattern in evidence for white collar men also 
applies tpti§lS$&§jnar men (Figure 8). The 1921-1930 birth cohort has 
a higher current and peak smoking prevalence than the 1911-1920 
cohort they are replacing. However, the 1921-1930 cohort is current¬ 
ly smoking at a lower rate than the previous cohort (1911-1920) was 
at the same age (10 years ago). Similarly, the 1931-1940 cohort is 
currently smoking at a higher rate than the 1921-1930 cohort, but 
less frequently when compared with the 1921-1930 cohort 10 years 
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FIGURE 


SOURCI. E*L* If 


in the prevalence of cigarette 
lg among successive birth cohorts of 
U.S. men, 1900-1978 

for HmjIA Sv«tvtMi. Isurorv Sumjt, 19? 1-1980 



1930 cohort, each successive birth cohort has 
ence, suggesting less total cigarette exposure 


earlier. Afte 
a lower peai^ 
than for the 

If present ftre|ds In male smoking continue, successive birth 
cohorts of wh|||a|i|$S| and blue-collar workers will arrive at the ages 
of increasing' lung cancer incidence with a lower rate of current 
smoking arid lifetime exposure than the previous birth cohorts. For 
white-collar men, this pattern began with the 1911-1920 cohort, but 
blue-collar men exhibit this pattern beginning with the 1921-193G 
cohort Thi3 same pattern of decreasing smoking prevalence across 
successive birth cohorts also characteru.es each main subcategory 
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FIGURE^^^^Shanges in the prevalence of cigarette 

noking among successive birth cohorts of 
US. women, 1900-1978 

SQURCI )rom' i; M»ljon%] C«'/r fur H«tJUi Health lnl*nrt^r Surety!. lf7fk*l$AQ 


l(T»«I h, Wed I W'WNNviOgk 

: j 

within 6 fate 3 Sl#|i&e-eoltar and blue-collar categories, including profes¬ 
sional, technical, and kindred workers, managers and administra¬ 
tors, cr|i^^ 6 #i[|and kindred workers, and operatives and kindred 
worker^Se4Te£hnical Addendum, Figures 13 through 16). 

AmoiJpS^si^eollar women the same general pattern is found as is 
in evidence for men (Figure 9). The peak prevalence of smoking is 
highest in the 1931-1940 cohort; however, beginning with the 1921- 
1930 cohort, each successive birth cohort of women employed in 
white-collar occupations has a lower rate of smoking in 1978 than 
the previous cohort did 10 years earlier. This pattern is especially 
pronounced for the 1941-1950 and 1951-1960 cohorts, and is similar 
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es in the prevalence of cigarette 
rig among successive birth cohorts of 
t?-S. women, 1900-1978 

Confer far U«Ji> Ststutira, K*tllk Sorveyv, 19T6-IW0 


SOURCE 1>*l. fro# N»<Uski far UwJi> StatuCirw, N«urN\*) K**llk tnl«i 
tcnmbuicdi ; \ 


lo that found; among, professional, technical, and kindred workers 
and clerical workers (Technical Addendum, Figures 17 

and 18). Amo^gJ&me.makers, the largest category of women aged 20 
to 64, this pattern i3 ales found (Figure 10). 

Although the overall birth cohort patterns for white-coliar women 
and homemakers are similar to those of men, in regard to current 
smoking, one important difference should be noted. For men, the 
birth cohort with the highest peak prevalence is the 1921-1930 
cohort, but for female white-collar workers and homemakers this 
occurs with the 1931-1940 cohort. 
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FIGU 



hanges in the prevalence of cigarette 
moking among successive birth cohorts of 
U-S. women, 1900-1878 

N*tKKL*J Crw f«H Health Statu'-io*, Nation*! Health 19?4-I*e0 


In white-coller women and homemakers, the 1941- 

1950 cohort of 5 blue-collar women has the highest peak prevalence 
(Figur||gggJ!|i$|ie 1931-1940 and 1941-1950 cohorts each exhibit 
approkimf&ely'lthe same smoking rates in 1978 as did the previous 
cohortflfilipiiiiib earlier. Only the 1951-1960 cohort of blue-collar 
women has significant potential to redirect this trend of increasing 
prevalence downward, and this will depend on whether this cohort 
can sustain its current downward trend in smoking prevalence. 

Service workers represent another important category of em¬ 
ployed women, and their birth cohort smoking patterns resemble 
white-collar workers in some ways and blue-collar workers in other 
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FIGURE 7.—in the prevalence of cigarette 

. among successive birth cohorts of 
iien employed in white-collar occupations, 

SOLTftCC. Data frnrti far HeakV Sul*Lua. h'iliwvai H«*JLh InUrvIxrw Survayi, 1976-1960 


ways (Figure l21Xik^^whtte-collar women, female service workers 
reached their Pifp|§fF|>eak prevalence with the 1931-1940 birth 
cohort, and subiggj)4»aSiscohorLs have experienced much lower peaks- 
Howcver, like hrue-colrar women, the 1921-1930 cohort of female 
service workers continued to smoke at a higher rate in 1978 than the 
previous cohort at the same age. This pattern becomes more 
pronounced with the 1931-1940 cohort, but then reverses, with the 
1941-1950 cohort reporting a lower smoking prevalence in 1978 than 
the previous cohort 10 years ago. 
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FIGUR 1 



anges in the prevalence of Cigarette 
oking among successive birth cohorts of 
IJLS. men employed in blue-collar occupations, 
iloO-1978 

! Canter he Hralth 5ut«abcm. Nilianal H<r«Jtb lot*r-w*- Sorvi-yn. 197# 14H0 ^ 


Race 

Amon^|^^nen there are almost twice as many blue-collar 
workers as white-collar workers (Table 16). This contrasts with white 
men, who fall about equally into the white-collar and blue-collar 
categories. Additionally, blacks of both Sexes are more heavily 
concentrated in the service category of workers, making this 
category an important one to consider when examining occupational 
differences in smoking by race. Black men are also almost twice as ' 
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likely as whltesmrento/al) into the "Not Employed" category, which 
includes both ijfmtmpnJi'ed people and those "not In the labor force.” 

The didereni{|&|^jJSnoking prevalence between black men and 
white men parsjTerttie differences between blue-collar and white- 
collar workers (Table 17), with black men having a considerably 
higher smoking prevalence {47.7 percent) than white men (40.2 

percent). Among men, blue-collar workers have considerably higher 
smoking rates than white-collar workers within each racial group, 
with black male blue-collar workers having the highest smoking 
prevalence (52 1 percent). 


49 



http://legacy.library.ucsf.efiU>tii±f^qdflp90/|aQWw.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 3786 







jr \ 






1-1960 
J itsu 1MO 
1MI-IWO 




W0 UW t»14J 1060 1*>0 1 MO 


ijes in the prevalence of cigarette 
3ng among successive birth cohorts of 
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Among blai 
lence bet wee 
higher smoki 
eipected whi 
with blue-coffar 



’en, there Is little difference in smoking preva- 
ions, although homemakers have a somewhat 
able 17). However, among white women, the 
i blue-collar, service worker differences prevail, 
ant^ service workers having a higher smoking 
prevalence (39.6 and 38.7 percent, respectively) than white collar 
workers (32,0 percent). 

As shown in Table 17, black workers are considerably less likely 
than their white counterparts to be heavy smokers (smoking 20 or 
more cigarettes dailyJ. This holds true for all categories of workers 
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8mol^^among successive birth cohorts of 
vomen employed in blue-coliar 
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and for men and warren? Among white women and black men, blue- 
collar workers ar^jggjg^ip^hat more likely than others to be heavy 
smokers. The corisunjptia'n differences between white workers and 
black workers ar^i^^^iore pronounced when the percentage of 
smokers smoking 40 or more cigarettes daily is examined White 
men are about four times more likely than black men to smoke 40 or 
more cigarettes daily, regardless of occupation. Similarly, white 
women are about three times more likely than black women to 
smoke more than 40 cigarettes daily, regardless of occupational 
group 
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FIGUI^TZ^^^HChanges in the prevalence of cigarette 1 

smoking among successive birth cohorts of i 

women employed in service occupations, 1 

1900-1978 ! 

50UHNaLuy^ia 1 t<n Health Fuuarraa, Surveys (*7B~l < AfQ J 

kwn6i«<»il‘ ^ 

Among wonifn, there are minimal racial or occupational differ- 1 
ences i|g|||jj§§g|o portion of current smokers who have attempted to 
quit sniokifeg however, blue-collar, service, and not employed black 
men ap^^i|what less likely than all other groups to have 
attempted to quit. Among those who have ever smoked, white-collar 
male workers are the most likely to have quit smoking. Blue-collar 
and service workers generally have tower quit rates than white- 
collar workers, and this pattern holds true for white men and black 
meh and white women. Black women have Jow quit rates regardless 
of occupational category Additionally, black male blue-collar work- 
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TABLE IS.-'Eatinifltea of occupational distribution by sex 
and race, aged 20 to 64 years. United States, 
1978-1980 



Utn (pcmMLifc) 

Wo*wn (peroenUfr) 


White 

BWrit 

VhJte 



\VbiUscolUr 

405 

23.0 

US 

21.1 


9Jil«-C0jJir 

*0.6 

45 X 

90 

ujo 


Strict 

is 

HA 

14 

n» 



- 

- 

42.fi 

U.7 


fi<A •wvpUj'cd 

10 0 

ie* 

- 

- 



SOURCE. For HmIiJi Vaia 

C** T*thnkji A' 


In sumraar; 
be cigarette snfo 
highest smok.ii 
likely than bt& 
occupational c; 
smoking, with 
Black male bl 
low ja^%^ates 
wh^e-eoflar w 
hig^^-^oport, 


, Kq llh lnlwne-w Ssjrw^. liTO ind 19?ft- 1WQ 


ers have a considerably lower quit rate {24.)) perccat) than white 
male blue-wMSKstocke&ts (36.0 percent). 

orkere are more likely than white workers to 
|ith black male blue-collar workers having the 
In contrast, white workers are much more 
kera to be heavy smokers, regardless of 
^Whitc workers are more likely to have quit 
ption of white female blue-collar workers, 
workers and all black female workers have 
lack men and white men and white women, 
have both lower rates of current smoking and 
former smokers than btue-coLtar or service 
that deviates from this pattern is black 
kers have a higher rate of current smoking 
oportion of former smokers than blue-collar 
homemakers have a relatively high rate of 


women; white-c ollar wg 
and a somewhat 
or service workers? 

current smoking 



Summary and Conclusions 

1. Among m<Pi»i^rat>stantially higher percentage of blue-collar 
workers thM^tfe^-collar workers currently smoke cigarettes. 
Operativesrkn|' kindred workers have the highest rate of 
current srnd^^f^^pproaching 50 percent), with professional, 
technical, bnd kindred workers having the lowest rates of 
current smoking (approximately 26 percent). 

2. Among women, blue-collar versus white-collar differences are 
less pronounced, but still show a higher percentage of current 
smokers among blue-collar workers. Occupational categories 
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lowest rate of current smoking occurring among women 
employed in professional, technical, and kindred occupations 
(26 percent!. 

3. Occupational differences in daily cigarette consumption are 
generally modest. For both men and women, the highest daily 
consumption of cigarettes occurs among managers and admin¬ 
istrators and craftsmen and kindred workers. 

4. Blue-collar workers (both men and women) report an earlier 
onset of smoking than white-collar workers A substantial 
fraction of smokers report initiation of smoking at ages 
coincident with their entry into the workforce. 

5. Blue-collar occupations have a lower percentage of former 
smokers JJjan while-collar occupations; this difference is mbst 
pronounE^'SMjgSng men. Among women, the pattern for 
homemal^ra cfoshly parallels that of white-collar women. 

6. Black workers hg^ve higher smoking rates than white workers, 

with blaek"K@Sle| blue-collar workers exhibiting the highest 
smoking workers also have lower quit rates than 

white workers. .Jfc contrast, white workers of both sexes are 
more heavy smokers regardlers of occupational 

catego ry. pliliil; 
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TABLE 18.—Occupational codes and categories used in the 
1978-1980 National Health Interview Surveys 


Occupation totefory OarupoOorm iariudraj U-S CeAJtu Bureau DCtAJpitron cair*' 


technical. 
*ntd kindred 


Ei\fv\t*r« uvd architecti 032. Q3S-023 

Sc*cuit. 0M-4&4, 09L--096 

Health worker* 06J-066 

Teacher*. Loeludifif editor 102- L*fi 

Engineering, mtfkcx lech rue v*aJ 160-162 

All 0 Uvt profe*ion*L 001, 003-005. 024-033. 055-060. <W6- 

lechtM kin4rtd worker 090. 097-101, U6-149. 10-199 


Haoit*™* •dnuti, 
tiorpt t»rw 


201-245 


Sak* worker* 

Cleric*! *n<i ti*dn 
worker* 




Cr»/UiT»cn *nd kinir 
• orktri 



^IBpkJi neper* 

OflVe* *vJ<hui< «per»ii5r» 
■-^pil h**4l*r*. po*M< ctrrki. 
- n >twx r4>m 

tan, *tenafT*pfcem. 
ypiltc. r^aeptvanisU 
other ci<rw*.l vorktr* 


CahprriMn 

i tf construction erafurntn 


Mejrhcr.4* and repairmen 

[ except 

■china 
A0 other craAimen 


Operative* and kind 
worker* 



•live*. except lr*n*pnrt 
"rt report equupaicnl opergiv*«* 

wsnwvwt^ 


Labftttrv t<eept farin 

8«» 


Sefvi« worker! 



irvf «rvi« 
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t* ho* 4 *<Ko(d “Ur tm 


■rrt *M (ins miM|cn 
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260-2*1 

3CS 

341-353 
ill. U2. 361. 

36V-J72. 276. 391 

301-301. X&-330. 113-040. 356-360. 
362, 363. 373-375. 377-382. 354-390. 
392-399 

415-416 

410-412, 421, 43Q. 431. 406. U0. 
510-312, 420-523. BM. 550. 660 
470-4*5 

403. 404, 442. 446. 454. 461, 46Z, 
502-54K 314. 503. 6J5-540. J*l, 563 
401-402. 405-409. 413, 411. 417-421. 
<23-429. 432-435. 4J7-439. 441, 443- 
445. 447-453. 455-460. 463-469. <96- 
501. 505-509. 513. 515-519. 524-532, 
541-549. 551-559. 663-560 

*01-695 

101-715 

140-745 

901-903 

910-916 

921-954 

960-965 
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*01. 802 
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1 WVUt^-eeilar <*■* .(wiuM art 4etvcn«l*tJ by cod', valun 001-099. WwiMTOilvr wxufrt'ioni AJX itxl^vaLad try a»l* 
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was examined in regard to smoking prevalence and heavy smoking. 
These results showed a high degree of statistical equivalency across 
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TABLE 19,—Estimates of the percentage of current smokers 

by sex, occupation, and NEQS sample (1978, 

3979, 1980), aged 20 to M years 
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a( ip* 005) 
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samples.;As is re^rted in Table 19, among men one difference was 
detected HoT^s making prevalence, but this difference showed on 
inconststggy^&j^brn across samples. Among women employed as 
manager^^wtrunistrators. there was a remarkable 10 7 percentage 
point dec^^^^noking prevalence between 1978 and 1980. which is 
over Lwide asslargje as the 10-year net decline between 1970 and 1980 
(see Tabl||g|^||i| 

One po'ssible explanation for this large 3-year decline in smoking 
prevalence is random fluctuation in the survey estimate. However, if 
this short-term time trend for female managers and administrators 
is valid, it would be of considerable interest. Given that the 1970-- 
1978 comparisons already show female managers and administrators 
to be quitting at a relatively high rate (when compared with other 
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TABLE 20.—Estimates of the percentage of current smokers 
who smoke 40 or more cigarettes daily by sex, 
occupation, and NHIS sample (1978, 1979, 1980), 
aged 20 to 64 years 


Occupation 
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lemaJe occupSffaffal. groups), it would seem prudent to closely 
monitor the gmokingjjpatLerns of this occupational cohort of women. 

In regard ja®tti«vy smoking (see Table 20), no sample differences 
were found Among female salesworkers, there was a 

striking 500 ?p«r|entiproportionate increase between 1978 and 1980 
in the percerg^^^^mokers of 40-ptus cigarettes a day. which again 
must be interpreted^with caution. Overall, 50 separate chi-square 
tests were examined, and 3 were statistically significant at p<0.05— 
which would be expected solely on the basis of chance. 

Detailed presentations of NHIS estimates of smoking prevalence 
are provided in Table 21 (1978-1980) and Table 22 (1970-1980 net 

change) for all occupational codes with 100 or more cases in the 
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combined 1978-1980 NHIS (unweighted sample). In Table 23 are 
provided a comprehensive lLet of .all occupational codes with 100 or 
more cases in the 1978-1980 NHIS and the estimated percentage of 
men and women, aged 20 to 64 years, who are employed in each 
occupation. Figures 13 through 13 depict results from birth cohort 
analyses that were briefly summarized in the text, including male 
professional, technical, and kindred workers (Figure 13), managers 
and administrators (Figure 14), craftsman and kindred workers 
(Figure 15), and operatives and kindred workers (Figure 16), and 
female professional, technical, and kindred workers (Figure 17), and 
clerical and kindred workers (Figure 18). 
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TABLE 21. Estimates of the percentage of current smokers 
by selected occupations, aged 20 to 64 years, 
United States, 1978-1980 
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TABLE 22.—Estimates of the net change in smoking 

prevalence by sex and selected occupations, 
age 20 to 64 years. United States, 1970-1980 
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TABLE 22.—Continued 







TABLE 23.—Estimates of percentage of U_S. population, 

aged 20 to 84 years, in selected occupations, 

197&-1980 
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TABLE 23.—Continued 
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Appendix A 

The two tables in appendix A describe the smoking habits of more 

than 18,000 employees from 16 components of the General Electric 
Company in various parts of the United States (personal communica¬ 
tion, T R. Casey and H. R. Richards, General Electric Company, 
June 1985). The data are presented to demonstrate the differences 
that can exist by payment category within the same workforce, The 
employees categorized as exempt are managers and specialists in 
various professions who are not bound by the provisions of the wage 
and hours law. Nonexempt personnel are generally clerical and 
secretarial workers, and hourly personnel are skilled and semi- 
skilled people who work in manufacturing. It is clear that substan¬ 
tia! differences in smoking habits exist between men and women, 
between younger workers, and among employees in the 

three pa^Smtcftissincations. 
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Appendix B 


The data in appendix B, portrayed in bar graph format (personal 
communication, L. Garfinkel, October 1985), represent smoking 
characteristics by age, occupation, and sex of the more than 1.2 
million men and women studied in the American Cancer Society's 
Cancer Prevention Study 11. This study, initiated in 1982, is the 
largest known prospective study of its kind. The data on smoking 
and occupation were collected at the time of enrollment. Occupation¬ 
al categories were determined from answers to open-ended questions 
and. therefore, may not correspond to U.S. Department of Labcr 


categories. 

These data provide comparative information on smoking habits 
within &e£upattonal categories to demonstrate the variability that 
exists bej^lpall the estimates derived from individual research 
designs Slriti the national probability estimates derived from surveys. 


The nuipber aES^ve each bar represents the total population for each 
i^onal category. The first graph presents the percenc- 
ipations; the occupational categories compared are 
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series (US DHHS 1982) snd is rot repeated here. However, the 
relationship between smoking and lung cancer is briefly described, 
as a framework for the discussion of interaction and confounding in 
subsequent sections of this chapter. Lung cancer was chosen as an 
example because of its strong link to smoking and because it is the 
greatest cause of cancer death in both men and women (ACS 1985). 

Lung cancer will cause an estimated 125,600 deaths in 1985 (ACS 


1985); 87,000 men and 38,600 women. For men, this represents more 
than 8 percent of all deaths. Current U.S. age-specific lung cancer 
death rates increase with age into the late seventies age range and 
then decline. However, when death rates for any given birth cohort 
of men are examined (Figure 1), there is no decline in death rates at 
the older ages. Thia difference between the cross sectional mortality 
statistics artd.the cohort data is generally attributed to differences in 
the smoking hahat^bf successive birth cohorts of men (and women) 
during this -•.ritury This Report's chapter on smoking patterns in 
the U.S. populstioaalso carefully documents that cigarette smoking 
is not uni/orrnljfdlsIribuLed in the U.S. population, but rather varies 
considerabljll&i^ith age and occupation. This nonuntfomi distri- 
tterns introduces much of the difficulty in 
in occupational studies. 

mong age, lung cancer death rates, and numbar 
per day, derived from the mortality study of 
1966), are presented in Figure 2. The risk 
king is a function of both the intensity of 
by number of cigarettes smoked per day and 
ion, and the duration of smoking as measured by age 


bution or sin&kim 
controlling 
The relati 
of cigarettes smoki 
U.S. veterai 
associated 


Cancer Soci 
1966) for (mi 
by number of 
of initiation 
are greater i 


tmortality ratios derived from the American 
I study of 1 million men and women (Hammond 
; compared with nonsmokers, stratified by age and 
> smoked per day. depth of inhalation, and age 
lia*S^nted in Table 1. In general, the mortality ratios 
older age groups and increase with increasing 


dosage measure within each age strata. The data demonstrate that 


within the 
risk (up to 
duration of 
isolated measui 
independen 



tegory of smokers a substantia! variation in 
occurs between the different levck of dose and 
The variation in mortality ratios for each 
»Ti Table 1 almost certainly overestimates the 
|tion of that measure to the actual risk, owing to 
correlation among the measures of number of cigarettes smoked per 
day, depth of inhalation, and age of initiation. For example, those 
who begin to smoke et a young age also smoke more cigarettes per 
day (Shoptand and Brown 1965). However, it is unlikely that this 
correlation among dosage and duration measures explains all of the 
variation in mortality ratios with the isolated measures; therefore, it 
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Exposures 



Interactions between cigarette smoking and occupational expo¬ 
sures may be examined in the context of & biological process, as a 
statistical phenomenon, or as a problem in public health and 
individual decisionmaking (Rothman et al. I960; Saracci 1980, 
Sicmiatycki and Thomas 1981). In each of these contexts the 
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concepts are applied somewhat differently, and confusion results 
when a move from one context to another is attempted without 

consideration of these differences in application. Biological interac¬ 
tion refers to the presence of one agent influencing the form, 
availability, or effect of a second agent, and includes physical 
interaction such as the adsorption of carcinogens to particulates in 
inspired air. process interactions such as the induction by one agent 
of an enzyme system capable of converting a 6econd agent into a 
carcinogenic metabolite, and outcome interactions such as the 
number of tumors produced by separate and combined exposures in 
an animal exposure system. Statistical interaction refers to a 
departure from the mathematical model used to assess the effects of 
the exposure variables. The model being tested may be additive, 
multiplicative, or some other form; the outcome of interest may be 
death ratfe* relative risks, or other outcome measures; the indepen¬ 
dent vaitjagiPlM^ay be intensity of exposure, duration of exposure, a 
combinaiTbn of intensity and duration (e.g., pack-years), or a 
logarithmic or.dlher transformation of these measures. Public health 


interact; 
influenc 
by a 
multiple 
interacti 
profoun 
interact 
man 




logic eractions 


e t 
fest lun 
is generi 
the cell 
cellular 



|lly refers to the presence or level of one agent 
incidence, prevalence, or extent of disease produced 
t. An exposure to two agents that resulted in a 
e|fect on lung cancer death rates might show no 
a multiplicative statistical model, but might show a 
tion in terms of pub'ic health and a variety of 
in the biologic system under consideration (i.e., 
esis). 


tion of normal lung tissue into a clinically mani- 
a complex, incompletely understood process that 
ed to require multiple inheritable changes within 
and Doll 1961; Day and Brown 1980). Although 
are assumed to be requisite for carcinogenesis, 


phenomena taking place outside the cell may influence carcinogene¬ 
sis. Cigd'rette Smoke and occupational agents may potentially 
interact tyymjhwncing the fraction of inhaled carcinogen deposited 
and retdwrelpBi the lung, the rate of metabolic activation of a 
procarcii^»)®ijt#o a carcinogenic metabolite, the transfer of agents 
across mbcospl and cellular boundaries, the vulnerability of the cell 
to careinj^£i§gfMfi&nge (by increasing the rate of cell replication), or 
the transformation of the cellular DNA. In addition, cellular DNA 
repair, humoral or metabolic factors influencing tumor growth, and 
immunologic recognition or destruction of tumor cells are processes 
that may influence tumor manifestation and may be affected by 
occupational exposures and cigarette 6moke. A detailed discussion of 
chemical carcinogenesis is beyond the scope of this chapter and is 
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provided elsewhere (Weinstein 1985; Farber 1962); however, this 
chapter explores some potential sites of biological interaction 
between occupational exposure and cigarette smoke to illustrate the 
biologic interactions that may take place. 

Cigarette smoking and occupational exposures may interact 
through effects of smoking on the dose of the carcinogen that reaches 
the cell. Long-term exposure to cigarette smoke impairs mucociliary 
clearance (US DHHS 1982) and could alter the dose of an occupation¬ 
al agent retained. Carcinogens may adsorb to particulates in smoke 
or to environmental dusts (Natusch el al. 1974; Mossman et al. 1983), 
resulting in a higher fractional retention or different distribution in 
the lung. The adsorption to dust may also facilitate or inhibit 
transport of carcinogens through the mucus layer. Cigarette smoke 
has been shown ; fd'' ; 'in£r.ease epithelial permeability in the tracheo¬ 
bronchial tree al. 1974); the effect may increase the 

exposure of the underlying cell to an occupational agent 
Another pote^Ial s ,sil<| of biologic interaction is the metabolic 


activation of a 
polycyclic aromatic 
ical transformat 
ered to be acti 
majority of kno 1 
oxygenase syste 
t of the cell. A nu; 
showQg^epjnduci 
activation,may 
gens nrPfne wo 
coiA of t: 




;en. A number of agents, including the 
rbons in cigarette smoke, undergo chem- 
n the body to metabolites that are consid- 
ogens (Gelbom and Tso 1978a, b). The 
rsions occur through the mixed function 
inntely located in the microsomal fraction 
constituents of cigarette smoke have been 
zyme system (US DHEV7 1979), and its 
he rate of biologic activation of procarcino- 
Cigarette smoking also alters the cellular 
{^increasing the number of neutrophils and 
activated macrophages iij the lung (US DHHS 1984); these cells may 
also piay a roletsjpS^lw^metabonc transformation of occupational 
agents. 

Much of the osSjiPtfeV^tion of interactions between smoking and 
occupational ex^SQ'Fei' i has centered on interactions that might 
influence the of the cel! rather than the "dose" of 

carcinogen (Sier^ialyckijand Thomas 1981; Rothman et al. 1980; 
Rothman 1974, ]|0S$gmlter and Holford 1978). In a widely accepted 

of malignant transformation of a cell 
red to be a multistage process requiring 
nges (Armilage and Doll 1961; Day and 
;ents may initiate or promote the process 
of carcinogenesis. Initiation is thought to be at least a two-stage 
process that requires cell division before becoming irreversible 
(Farber 1982). Promotion describes the process by which an agent 
encourages an initiated tissue to develop focal proliferation. A tumor 
initiator may exert its effect through a brief exposure, whereas a 
tumor promoter usually requires repetitive contact with initiated 
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tissue to exert its effect. Cigarette smoke is known to contain a 
number of compounds that act as tumor initiators and promoters 
(US DHHS 1982); occupational exposures reflect a similar range of 
agents. Tumor promoters in smoke may influence the effects of 
exposure to tumor initiators in the workplace and thus increase the 
number of cancers that occur, and the presence of tumor initiators in 
smoke may allow the expression of a tumor promoter in the 
worksite. 

The process of carcinogenesis is frequently modeled as a multistep 
process in which each succeeding step can occur only in those cells 
that have undergone the preceding step (Armitage and Doll 1961; 
Day and Brown 1980). In this model, agents may influence one (or 
more) of these steps, and therefore may have an effect early or lata 
in the carcSuj^emc transition. Because the later steps in the process 
can occur oni»|pi§j§e!la that have undergone the changes of earlier 
steps, ageiflPihat act at separate steps may have multiplicative 
effects. Forsaxampte, an agent that results in a fourfold increase in 
the rate of tWsition from a hypothetical step 1 to step 2 in the 
i'p&SsiSB; would result in a fourfold increase in the 
alignaint transformations by increasing the number of 
" ‘ ^'step 2 and subsequent steps. Similarly an agent 
: of transition from step 2 to step 3 would triple 
lignant transformations- However, exposure u> 
a fourfold (300 percent) increase in the 
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both agent 


number of Eeilij available for transition from step 2 to step 3 as well 



iree 
: to s ! 
i mirrape r 
bomb 
<1,100 pe 
independe 
A simitar 
agent that| 
carcinogeni 


percent) increase of the rate of transition from 
with a resultant twelvefold (1,100 percent) increase 
f malignant transformations. Therefore, the effect of 
isure on number of malignant transformations 
id be greater than the aura of the effects of 
res (300 percent plus 200 percent), 
enon may occur with cigarette smoke and an 
dependent and additive effect as an initiator of 
is. The additive effects on tumor initiation may appear 



■W I 


*i 

%; 


as a multipLicativeVffect on tumor occurrence because of the action 
of the tura^ptpgfcbters in cigarette smoke, The tumor promoters in 
smoke maji^ ’acton the cells initiated by an occupational agent, as 
well as on ^gjsggi^mtiated by smoke, to increase the number of the 
cells that b*c<|ne Cancers. The number of tumors produced by a 
combined could then be greater than the sum of the 

numbers of tumors produced by the individual exppsures separately. 

Two additional mechanisms by which cigarette smoking and 
occupational exposures may interact are by alterations in the 
immunologic surveillance for cancers and by increasing the frequen¬ 
cy of cell division. Differences in the number, type, and function of 
cellular components of the immune system have been demonstrated 


108 


http://legacy.library.ucsf.efiU>tiGbf^qdflp90/poWw.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 3841 


between smokers and nonsmokers (US DHHS 19$4) and among 
workers exposed to occupational agents (see other chapters of this 
Report}. The potential for these differences to influence the rates of 
clinically manifest cancers (either positively or negatively) is an 
issue of considerable interest. TTie increase in cell turnover in the 
respiratory tract in response to the acute toxic and inflammatory 
effects of cigarette smoke, or of occupational exposures, may also 
influence cancer rates, as it is believed that cells are more 
vulnerable to carcinogenic changes during periods of replication. 

This discussion is intended to illustrate the kinds of biologic 
interactions that might occur between smoking and occupational 
agents and not to be a complete description of either the carcinogenic 
process or the sites of potential interaction. 


Statistical Intel 


Statistical injtg.ractiep refers to departure from a mathematical 
model in asseafingt^the main effects of independent variables; its 
presence is oftei^g^^ted by the addition of an interaction term to 
the independent variables (Siemiatycki and Thomas 1981; Blot and 


Day 1979; Sar*fc| 
interaction is 
Kupper and Hogan’’ 
adequately mod^f 


80). With this approach, the presence of 
jt on the model being used (Rothman 1974; 
I). For example, a multiplicative effect can be 
thout an interaction term on a log scale, but 


requires an intdrac^onlerm on an additive scale. In this section, an 


a ddi^amaSn odgl§S$Mlieffects of two exposures assumes that the 
Con^te«j exposq^-Produces an effect equal to the background rate 
plus che^sum olTOi increases from the background rate of the two 
sxpd^^^eparately. In a multiplicative model, com¬ 
bined exposure results m an effect equal to the product of the effects 
produced by th^llfginwe exposures. 

The following example illustrates this terminology and demon¬ 
strates the depgiiPlhc^ of statistical interaction on the selected 
model. Asaumirt^tK'atTwo agents independently increase the risk of 
lung cancer an<^'thal“t'he separate exposures result in a fivefold and 
tenfold increase in ri^J:, respectively, if exposure to both agents 
produces an eigilflKf%icrease in risk, there is negative interaction 
(protective effe^tekyyitf additive and the multiplicative models. A 
combined risk o^^jhaffeates no interaction in art additive model, but 
a negative inte|»$tffe«4 n a multiplicative model; a risk of 30 is a 
positive interactin’with an additive model and negative with a 
multiplicative model; a risk of 50 is a positive interaction with an 
additive model and no interaction with a multiplicative model; and a 
risk of 60 is a positive interaction with both models 
This example illustrates the critical dependence of tests for 
interaction on the mathematical model that is selected. Ideally, the 
^ choice of a model is based on biological considerations and noL on 


produces an eijpi 
(protective effet^ 
combined risk dP 
a negative intefe 
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statistical convenience. For example, if the potential interaction of 

two initiators is being examined, an additive model should be used. 
The use of a multiplicative mode! may result in the demonstration of 
a negative interaction. 

When applied to the multistage biologic model of carcinogenesis, 
independent actions at the same step would yield additive effects and 
actions at separate steps would yield multiplicative effects (Siemia- 
tycki and Thomas 1981; Walter and Holford 1978). This progression 
from the biologic model to the statistical effect is easily defended; 
however, it is leas clear that the reverse progression is valid, 
particularly in epidemiologic studies. The demonstration of an 
additive effect on lung cancer death rates does not necessarily imply 
that the two agents are acting at the same point in the carcinogenic 
process, nd^does R.multiplieative effect guarantee action at separate 
steps- As evident from the discussion of biologic interac¬ 

tion, cigarette smoke may interact with occupational agents at 
points external tdlhe cell, and smoke consists of a variety of agents 
with diffeik mfj^carfl inoeenic effects. The complex biologic processes 
that underi^Ow^pcsure-disease relationships evaluated in epide¬ 
miological stud lea'll unit the inference from the results of statistical 
modeling tdlilbli^ical mechanisms. 

Rothmatf^^^ and Hogan and colleagues (1978) described 
methods ofUuantjfying the magnitude of statistical interaction, and 
Kupper ar.iFfsfjSfSS (1978) described the detection of interaction in 
cohort ancL^a|asgipntrol studies. This Report’6 chapter on the 
Imitation Ni¥ s ^T§hic lung disease also discusses the concepts of 
its measurement in studies of outcomes that are 
^ function measures) rather than binary (i.e., 

presence orahsened of lung cancer). 

In the sii|jjj$|i8i|iaJytieal problem, departure from additivity can 
be readily aiSfessgd when a population has two exposures, the rates 
in the preseg^St^iach individual exposure are known, and the rates 
in the presenee'-and absence of both are known. If the relative risk 
(RR) in the ^bseiaee^of exposure is set equal to 1, then the ratio of the 
rate in the populatjpn with only one of the exposures to the rate in 
the poputat|ggggBK neither exposure is the RR associated with the 
exposure. Correspondingly, the ratio of the rate in the population 
with both over the rate in the population with neither 

exposure isithe^R-iassociated with combined exposure. The magni¬ 
tude of the^^OT^ion can then be estimated by the ratio of the 
increase in rate with combined exposure (the RR of combined 
exposure minus 1) over the sum of the increases from the unexposed 
rate produced by the single exposures <(RR*-1)4-(RR*,-1)). The 
confidence interval around this estimate of interaction can also be 
estimated (Rothman 1974) as a measure of its statistical significance. 
More complicated estimates of the magnitude of interaction are 
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mortality in relationship to exposure to radon daughters in the 

mines. Their analysis assessed exposure to radon daughters and 
cigarette smoking as risk factors for lung cancer. To assess the joint 
effects of smoking and radiation, they developed and contrasted 
additive and multiplicative models. They found that the multiplica¬ 
tive model fit the data better than the additive. Of the alternative 
multiplicative models, giving the highest likelihood of the data was a 
linear function of the variables for smoking and radon daughter 
exposure. Whittemare and McMillan then used this multiplicative 
model to assess the effects of age and birth cohort. This analysis 
complemented the conventional cohort methods that had been 
applied previously to the data (Luadin et at. 1971; Archer et aL 
1976). 

Most con'i>ftiitipaal forms of modeling assume either an additive or 
a muitiplfej^^^lationship between the independent effects of the 
variables Representing the exposures. Case-control data are most 
often analysed .with the multiple logistic model (Breslow and Day 
1980; and Stoliey 1982), although alternatives have 

been dcscrilkM fWalker and Rothman 1982; Breslow and Storer 
1985). Th &^uli& le logistic model is multiplicative; the risk of 
disease frijm exposures is obtained as the product of the 

risks frorrt^t^w^ividual exposures, in the absence of interaction 
among the^j ^ jores. A variety of approaches have been described 
for the moaet|nif'bf data from cohort studies (Breslow et al. 1983; 

S ow models may be developed as additive or as 

iplicafty^ or oh other scales. 

devel^P^g a model, confounding is controlled by introducing 
pHI&bles potentially confounding exposures. Statistical 

interaction amongithe variables is tested by entering terms formed 
as their pr$p8S&$j by running the modal within groups of subjects 
separated by thsk. classification on one of the exposure variables. 
When a prq^llftertn is entered into a model to test for interaction, 
the p r e s e n wTKJRHik te n t of interaction is indicated by the coefficient 
calculated Wer“th» product term. Most modeling techniques also 
supply a test of statistical significance for the coefficient, under the 
null hypot|HIS§iKiat its value is sero. Such a test of statistical 
significanctygia&gSjot be very powerful (Greenland 1983), and the 
coefficient striW^jaggest an interaction of potentially important 
magnicudej^a^li&u&h it does not reach statistical significance at 
convent io ntilfe v els: 

The presence of statistical interaction between two variables 
demonstrates that their effects are interdependent, as assessed by 
the specific statistical model (Rothman et al. 1980). Statistical 
interaction does not necessarily imply biological interaction. In fact, 
the interpretation of interaction hinges on the scale on which it is 
measured; the choice of the statistical model may determine whether 
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interaction is present or absent, synergestic or antagonistic (Green¬ 
land 1979; Rothman et a!. 1980), If possible, the choice of model 
should be baaed on biological considerations. For malignancy, the 
results of modeling may be interpretable within the conceptual 
framework supplied by the theory that carcinogenesis is a muitistep 
process (Armitage and Doll 1961; Day and Brown 1980). 

Public Health Interactions 

From a public health perspective, an interaction occurs when the 
number of individuals injured, or the extent of the injury, with 
combined exposure exceeds that expected from the sum of the 
background rate and the differences between the background rate 
and the rates the individual exposures. Public health interac¬ 
tions can be cqggjpiNl) a case of statistical interaction in which both 
the model being tested and the outcome measurement scale being 
used are definjitd byJBrir ability to assess the contribution of a given 
agent to the 4ite.^E^trden in society. When a positive interaction 
occurs in thiBSMTTmrobn. the term "synergism” should be used. The 
model used to.^gam^g interactions is often further specified by the 
importance offconfroefing the intensity and duration of exposure in 
the risk mod^Sbeiijflexamined. Establishing a dose-response rela¬ 
tionship for supports a causal association, and the slope 

of the exposu^Plpi&nse relationship allows an estimation of the 
;edm|i$n in <%^^»^&rden that might occur with a reduction in the 
w^faaUce ex^o§yre ’ Soth of these issues are important in establish- 
mgsalfflevelspn^cposure in the working environment. 

# |§§8^ution Sg§|^|:duction in disease burden due to an occupa¬ 
tional exposure with the lowering of exposure levels has three 
components: f||PifS|;h disease will be prevented in those workers 
who begin their w'tek.eiposure at the new levels? How much disease 
will be preve^tjiiPb'y reducing the exposure of workers previously 
exposed to hignerTevtls to these levels? and How much disease can 
be prevented fey'Stt&r^ng the smoking habits of the exposed workers? 
For those exposures ,|>r which synergism between smoking and an 
occupational ^H^SPe exists, the sum of these three estimates may 
exceed the U^ftl^M^unt of disease that occurs in the population 
(Samet and Doll and Peto 1981). If a group of asbestos 

workers have|ggfjjjj|a^61d increased risk with combined exposure and 
a fivefold risk with exposure only to asbestos and a tenfold risk with 
exposure only to cigarettes, then elimination of smoking would 
eliminate 90 percent of the risk (from 50 to 5) and elimination of 
asbestos would eliminate 80 percent of the risk (from 50 to 10). The 
sum of these reductions is greater than 100 percent, and points out 
that for prevention efforts, the synergistic effect works to potentiate 
the effect of the intervention. 
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Confounding of Occupational Exposures by Smoking Behavior 
By the nature of the employing industries, most occupational 
exposures occur to a limited number of individuals who are often 
geographically clustered and who are not representative of the U-S. 
population. Prospective studies of cancer rates in populations that 
are representative of the U.S. population generally contain too few 
individuals with specific occupational exposures to allow analysis by 
occupational exposure. Therefore, most studies of occupational 
exposures involve populations selected on the basis of a specific 
exposure. Then either these selected populations of exposed workers 
are compared with a control greup or individuals with high dose 
exposures are compared with individuals with low dose exposures. 
Validity depends upon the comparability of the groups being 
examined fo^j^ariabtes that may influence cancer risk, other than 
occupational. Age is one such variable, as rates of most 

cancers incrtpSe with increasing age. For those cancers linked to 
smoking, thq.-xom payability of the smoking habits of the various 
exposed subjeep^-'is a second such variable. This variation may 
potentially association between an occupational expo¬ 

sure and a canoer ktvpwn to be associated with smoking, and control 
for this pot^Si^pKinfounding may be critical for an unbiased 

evaluation association. 



(either positive or 
described eai 
related risk ineP 
exposure, tu 


ootentially c ?$an occupational exposure. 



distortion of the apparent effect of an exposure 
by the association with other factors that can 
me (Last 19S3). Cigarette smoking can be a 
occupational studies through an association 
egative) with the exposure in question. As 
is chapter, the major determinants of smoking- 
ulation include smoking prevalence, intensity of 
lion of exiiosure. Each of these measures can 


Smoking Status 

In occupational studies, cancer mortality in the occupational 
group is ofte|pi)p$$|^red with that in the entire population of a given 
geographic |rea| Age-specific death rates are available for the U.S. 
population cp^llii^fiuat basis and can be used to develop an age- and 
calendar-year-adjusted overall expected number of deaths, or a 
cause-specific expected number of deaths, for the population of 
workers being examined. The ratio of the actual number of deaths in 
the exposed population compared with the expected number in the 
general population, multiplied by 100, is referred to as a standard¬ 
ized mortality ratio (SMR) for the exposed population. The SMP. may 
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be baaed on national mortality data or on data from the geographic 
location of the exposure group. In addition to providing a control 
population, the use of SMRs also adjusts for differences in age 
distribution between the exposed population and the population on 
which the SMR is based. 

Cigarette smoking behavior is not uniformly distributed through¬ 
out the UiS. population. As demonstrated in the preceding chapter, 
there are substantial differences in smoking behavior among men 
and women, blacks and whites, different age groups, and different 
occupations. It is not surprising, therefore, that the smoking 
behavior of selected populations of exposed workers might differ 
markedly from the average for the U.S. population, and these 
differences would be expected to influence the SMR for smoking- 
related cancers*-. ; 

Axelson suggested that the effect on the SMR of 

differences ijr smoking habits could be estimated by dividing the 
population bfffte e,2|mined into various smoking categories, multi¬ 


plying the pi 
the relative 
category, an 
number, call 
the number 
multiplier tl 
smoking hab 
.jlaite simpi 
ofT&rn-jikers. ail 

ril^imber 



jj of the population in that smoking category by 
ieveloping disease produced by that smoking 
the resultant numbers. The ratio of this 
r the exposed population and compared with 
pulation on which the SMR is based, is then a 
used to evaluate the effect on the SMR of the 
exposed population. 

this calculation would use only the proportion 
nonsbiokers in the population and a single relative 
jhe smokers. The effect that differences in smoking 
I the SMR for three different relative risks due 
to smoking Is sbowh in Table 2. These different relative risks 
correspond a^^iSi^ately to the different relative risks for different 
3ites of cancer^S^jated with smoking (US DHHS 1982). Blair and 
colleagues (lj^3$i%aye compared the crude and amoking-adjlisted 
SMRa for dfrrettfiir^ob categories in the population of the U.S. 
veterans studyrTheytused four categories: smoker, never amoked, ex- 
smoker, and. other.Jin general, adjustment for smoking did not 
substentially|iili!lSsthe SMRs for lung cancer (R 0.88), and the 
differences were small for most job categories (the largest difference 
between crut£ri&ijd**t|justed SMR, 68.0). 



Measures af lSmimnjg Intensity 

The risks due to smoking increase with increasing number of 
cigarettes smoked per day and depth of inhalation (Table 1) (US 
DHHS 1982). A calculation, similar to the one in the preceding 
section, can be performed using separate risk estimates for tight 
smokers and heavy smokers and for ex-smokers. The magnitude of 
the effect on the SMR for lung cance r of a range of different smoking 
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TABLE 2.—Effect of differences in smoking prevalence on 
the relative risk of an occupational group 
compared with a control group 


AwufMd ri»ic 

4im to tntfkifif 

Proportion tl uaokert 
t* oonUoi frewp 

Proportion of ta>oker» in exposed jroup 


.1 

2 

4 

.7 

S 

2 

A 

l M 
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IJfi 

i to 

U3 


2 

ii 

1.00 

2.15 

1.31 

1.44 
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.13 


1.00 

ID 

IJ7 


.7 
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.7* 

to 

1.00 

1.1 1 


3 

to 

to 

.73 

M 

1JQ0 

5 

.1 

1.00 

147 

114 

171 

323 


2 

M 

1.00 

IJfi 

1.73 

JUS 


fV <•* 

.47 

.73 


1-77 

123 


.7 

J7 

to 

.79 

i.OG 

121 



JO 

.4$ 

jsi 

22 

1J0 

10 


1.00 

135 

183 

1M 

4.79 


.! -y- Ij 

M 

1.00 

1.43 

1J7 

344 





1.00 

U3 

its 


v • ,7 

J€ 

4l 

23 

IjOO 

1-25 


Aifc_ 

2\ 

.41 

40 

80 

LOO 


prevalences and dosages is shown in Table 3, calculated using a 
relative risk|i§f&yi| smokers of less than one pack per day, 20 for 
smokers of pvei| one pack per day, and 4 for et-emokers. These 
rawn from the major prospective mortality 
jng (US DHHS 1982). The proportions of smokers 
population and the percentage of smokers who 
cigarettes per day were drawn from the data 
ing chapter for the U.S. population between 
64. On the basis of the data, the current 
g patterns between blue-collar men and the 
might be expected to result in a 10.2 percent 
for lung cancer. A hypothetical population 
rrent smoking of 80 percent might have a 59.9 
the lung cancer SMR. Correspondingly, a 
papulation wjth a low smoking prevalence might have a 45.1 percent 
reduction in These numbers are similar to those calculated 

for the Swedish jjwpulaticm by Axelson (1978) as outer limits of the 
adjustment tRsPwfl|:hi need to be made in lung cancer SMRs, 
secondary to differences in smoking patterns in an occupationally 
exposed population. 

One of the basic assumptions made in the risk adjustment 
calculations described is that differences in smoking behavior (and 
the resultant risk! can be described by simple prevalence numbers 
(percentage of smokers, never smoker6, and ex-smokers) or by using 


rg»me rie 

■ps&i on *' 
^e^y|ij-smok' 
sitnoke 1 more 
presented in 
the ages of 
differences in 
total male 
elevation in 
with a prevalence of 
percent inci 
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TABLE 3.—Effect of differences in smoking prevalence on 
the standardized mortality ratio for lung cancer 


Smokinc «(Jlus 

CtlfTTOl 


5 

population 


Hypotlwtkjl 

tatfH 


Tot*J 

<20 

?» 

Farmer 

New 

SMR 

hulbpJkr 

409 

294 

70.6 

400 

19.1 

U> 

333 

77.5 

72.2 

40 5 

197 


17.1 

282 

71.8 

3U 

18.1 

um 

ks 300 

2»4 

716 

3D.Q 

60.0 

044? 

iifr^ 

294 

706 

1Q-0 

10.0 

1.499 


a division orcSmnti smoking prevalence into heavy smokers or light 
smokers. Otkg® cjMjhacteristlcs of smoking behavior have also been 
shown to Jung canoer risk, including depth of inhalation, 

age of initiapSPpi|ation), and tar and nicotine yield of the cigarette 
smoked 1951, 1982). The differences in lung cancer 

relative rispru»rrKrSg male smokers in the ACS study of 1 million 

S ind wtam^un^ulting from differences in depth of inhalation 
ge of IwStaftoh are presented in Table 1. It is apparent that 
intial ^Jll^-enoea in lung cancer mortality ratios (up to fivefold) 
fgj^gpcur broad category of smokers because of differ¬ 

ences' in tlfe*various dosage measures. It also appears that, in 
general, th^l^fl^cc in mortality ratios between the highest and 
lowest exposuWcgtegories was greater in the older age group than in 
the youngeraj^jptiup. 

When thp4sW8-4s based on the general population, in which 
smoking behaKtoSiJS in the middle range of the dosage measures in 
Table 1, it' is unlikely that differences in behaviors between an 


exposed pegged# and the general population would equal the 
differences ' between the highest and lowest dosage categories. 
However, s^^^^fferences may occur, and the values shown in 
Table 1 can he l^d^o estimate the impact of these differences. If the 
lowest age c^m$Ssw|on (under 15 years) were used as the risk for the 
exposed population, and the risk for an age of initiation of age 20 to 
2 A were used for the control population, there would be a 30 percent 
increase (using one risk value for all current smokers) in the SMRs 
listed in Table 3. This would increase the SMR for the hypothetical 
high smoking prevalence population to 207.4- A corresponding 
adjustment for a difference in depth of inhalation could increase 
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these numbers even further. However, because there is almost 
certainly some correlation among the various dosege measures 

(smokers of higher numbers of cigarettes per day are more likely Lo 
inhale and to have begun smoking at an earlier age), it is not valid to 
treat these numbers as independent measures of risk. It does seem 
clear, however, that substantial variations can occur in the "expect¬ 
ed SMR" for a population, based on differences in smoking preva¬ 
lence, differences in number of cigarettes smoked per day, and 
probably differences in age of initiation. These adjustments suggest 
that SMRs in excess of 200 may occur owing to differences in 
smoking patterns and differences in depth of inhalation. The use of 
high tar and nicotine cigarettes might increase the SMR even 
further. 

In the description of differences iin smoking patterns by occupation 
presented in tile-preceding chapter, only modest differences between 
blue^xillarjpwkerS and white-collar workers were found for age of 
initiation Slid number of cigarettes smoked per day. However, larger 


differences’ irr-t 


! dosage measures are present among some of the 


insulation 
between the 
r of | 
e as! 

BSt 

lure 
a spurio' 
duced by 
significance 
than a sy 




aubcategot^l^^ue-collar and white-collar workers. Substantial 
variation from national norms in the various dosage measures may 
also occur|§i^p&e of sampling and selection bias in the small 
popu1ation|*fg§|Rk^ that are often a real limitation in occupational 
studies. Biten infarger studies, such as the study of 17300 asbestos 
(Hammond et al, 1979), substantial differences 
,tbs-exposed workers and the general population in 
smoked per day are demonstrable (82.6 percent 
workers smoked more than 20 cigarettes per day in 
^percent of the men in the general population), 
for differences in smoking beoavior may lead to 
ion of interaction. A spurious interaction pro- 
rentes in smoke dose has a greater public health 
the outcome is an apparent antagonism rather 
f the workers who smoke and are exposed to a 
given agen| smoke fewer cigarettes per day, or began smoking later 
in life tharf the control population, an apparent protective effect (i.e., 
a less effect) of the occupational exposure may result 

In this setting, if the population of nonsmokers is too small to 
evaluate t|§g§*||Jgj!ts of the occupational agent, only the biased 
estimate df ti|e agent’s effect on smokers will be available; the 
spurious may mask the effect of an occupational 

carcinogen by lowering the rate of lung cancer in the workers with 
combined exposure. A lower number of cigarettes smoked per day 
may be a relatively frequent confounder in worksites where smoking 
is not allowed during working hours, and a later age of initiation 
may exist in workforces with higher education levels. Thus, lack of 
information on smoking may lead to biased estimates of the effect of 
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an occupational agent, and even to the impression that the agent has 
no effect. This potential for missing the effects of an occupational 
carcinogen makes the incorporation of dosage data a critical part of 
the consideration of statistical interactions. 

This discussion has used examples in which differences in smoking 
dosage measures resulted in spurious interactions between smoking 
and occupational exposures. However, the same potential exists for 
differences in occupational exposure dose between smokers and 
nonsmokers in the exposed population. If the smokers in the exposed 
population have a greater exposure to an occupational carcinogen 
than the nonsmokers, then the effect of combined exposure might be 
expected to appear to be greater than additive. 

A companion question of "dosage” measurement among the 
smokers in sj^cupational studies is how to classify pipe and cigar 
smokers and former smokers. Pipe find cigar smokers have a lower 
risk of deve^^ng iiing cancer (but not oral cancer) than cigarette 
smokers andjre distributed differently by age,reflecting the greater 
use of pipes |nd^etg4fs by older men (US DHEW 1979). To the extent 
that differer^^^^^ie use of pipes and cigars exist among exposed 
groups and : contro|| populations, the effects of smoking may be 
confounded j|^%^iind cigar smokers are classified in the study as 
smokers. Pi^*- nadt'-tigar smokers should be either analysed as, a 
separate category. Or if the number of subjects is too small for 
y may be combined with light smokers as part 
se ^relationship. A similar problem arises with 
lung cancer risk in former smokers declines 
g duration of cessation. Few people begin to smoke 
th^ percentage of the population who have quit 
^th increasing age. Many occupational settings 
f intensive cessation efforts, particularly those 
n“fhcreased lung cancer risk has been established 
forts, as well as the other previously described 
in smoking patterns, may make the preva¬ 
lence and agp distribution of former smokers in an occupationally 
exposed popiftatTon 'different from that in a control population; 


separate an 
of a dose-res 
smo! 
iie inch 
niter |ge 25j 
¥ smt>€Slg incii 
have been thi 
worksites wi 
or suspected. Tjj 
reasons for 



therefore, fo 
smokers in 
treated as a 
One of the 
differences i 


ackers should not be included with current 
"analysis of occupational exposures but should be 



nfcthods that has been used to control for the 
between control groups and exposed popula¬ 
tions. or between cases and controls (Liddell et al, 19&4), is to 
examine the dose-response relationships of smoking and occupation¬ 
al exposure for lung cancer. An example of such an analysis 
performed on a group of asbestos miners using a case-control 
approach is presented in Table 4. The risk of developing lung cancer 
is shown to increase with increasing cumulative asbestos exposure in 
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TABLE 4,—Risks of lung cancer, by cigarette smoking and 
asbestos exposure, relative to all 223 cases and 
715 referents for whom smoking histories were 
reliable; unmatched analysis 
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orffes of smoking dose Stratification is useful for 
Hire-response relationships, an important element 
a causal association between a given exposure and 


all three cat4g°n 
81 

; |y,!jg cancer. 1 . 

stratpHH^^ is used to control the confounding between 
smoking ^adKsg^-^^tipationaJ. exposure, careful consideration must 
be given t»5i|ie"relative magnitudes of the effects of smoking and 
occupational ^j^&eure on lung cancer risks when determining the 
number o||f|fg|s^g dose categories compared with the number of 
occupatiotiaj^ejposure dose categories. As discussed elsewhere in this 
Report, theprevathnee of smoking has been higher among men born 
between than among men bom in later decades. This 

cohort of ijhen represents the older workers in many occupationally 
exposed pcpbtat&ms, and it is "these same workers who were 
previous]y:exp|>sedita levels of occupational agents that substantially 
exceeded currently experienced. Thus, populations of older 

workers have had higher cumulative exposures to occupational 
agents than their younger peers at the same age, and have also had 
higher cumulative exposure to cigarette smoke than their younger 
peers at the same age. The result may be a residual confounding 
between cumulative occupational exposure and cumulative smoke 
exposure in assessing the effects of these two exposures, [f the 
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magnitude of the effecL of smoking is large compared with the 
magnitude of the effect of the occupational exposure, and few broad 

categories of smoking status are used with a greater number of 

categories of occupational exposure, then higher levels of smoking 
dose may occur with increasing occupational exposure dose category, 
generating a spurious dose-response relationship. Correspondingly, 
too few occupational exposure categories may result in a spurious 


strengthening of the dose-response relationship present for smoking. 
The total number of categories that can be used in this kind of 
analysis ia ugually limited by the number of lung cancer patients 
available for analysis; therefore, the distribution of the dosage 
categories to smoking and to the occupational exposure should 
reflect the relative magnitude of the effects of the separate expo¬ 
sures on lurtgcancer risk. 

Duration, oft 

f 

In’ mode!%of lung cancer risk due to smoking behavior, separate 
terms for inlehWy ^f smoking and duration are commonly included. 
In a risk rr^^H^eloped by Doll and Peto (19781 for the study of 
British phyaicianajjhe term for intensity of exposure was raised to 
the second jfewSjjpHd the term for duration of exposure was raised to 
the power 

Confounding may arise because of correlation between age and 
duration of^k^sStihrc- Because of the importance of duration of 
exposure (aud its coyanate age) on lung cancer risk, the majority of 

W 

tion. 
th 

cancel" risk 
measures f< 
duration of 
populations 
or of the 
higher prev; 




will develop in the older members of s 
espondingly it is the smoking prevalence and dosage 
workers that will largely determine the lung 
pulation. The mean prevalence or mean dosage 
ulation do not take into account the effect of 
on the lung cancer risk. In a comparison of 
erent age distributions of smoking prevalence, 
of heavy smokers, tha population with the 
the older age ranges will have the higher risk. 

A. final 6<SUrciTohconcern in examining the relationship between 
occupationaLjgxjwMiire and lung cancer in cigarette smokers is 
generated bfTjHrTag time between the expcsure to a carcinogen and 
the c 1 i n i co. la tion of lung cancer. This lag time is a 

combination of|the‘ induction period (the time from exposure to 
disease init^^^^^nd the latent period (the time from disease 
initiation to'clinical manifestatior) (Rothman 1981). This lag period 
is not fixed, but rather has a broad distribution over perhaps 50 or 
more years (Nicholson et al. 1982). 

EpidemiologicaUy, the shortest lag times are identified by the 
interval between the age of onset of exposure and the age when an 
increased relative risk cm first be demonstrated secondary to the 
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exposure. For some exposures, onoe the exposure period Has exceed¬ 
ed the shortest lag time, the relative risk often increases rapidly 
with increasing duration of exposure (Nicholson et ai. 1982), 
resulting in a dramatic increase in disease rates with increasing age. 
It appears that the shortest lag period for smoking-induced lung 
cancers is in the range of 15 to 20 years, as demonstrated by the rise 
in lung cancer death rates that begins after age 30 to 35. The lag 
period for occupational carcinogens in lung cancer is not welt 
characterized, but some agents have lag times similar to that found 
with smoking (Nicholson et al. 1982; Selikoff and Lee 1978). 
However, the onset of exposure to cigarettes and occupational 
carcinogens may occur at substantially different ages. Any such 
difference needs to be considered when examining the interactions of 
occupatianaL.exposures and smoking. 

Ideally, the an occupationally exposed cohort would follow 

the entire cjSti&ri until the last survivor had died, so that late effects 
of exposureewouULjiot be missed. The reality of examining working 
populations? a«4-'tiSi need for timely assessment of existing risks 
makes the Aaa^aitt ion of workers at a variety of ages the norm in 
epidemiologic studies. In this setting, careful consideration of the 
differences onset of smoking and of occupational exposures 

is necessarjL^sIlvgieffects of occupational exposure are not to be 
missed or udcleresttmated. For example, assuming that the average 
age of onse|-gBfejj ^ ^kittg is 15 and the average age of onset of a 
particular o|cui§atiohai exposure is 25, the combined exposure effect 
igggjg^Of eqi^jg^ggHldditive risks of lung cancer and the lag time for 
iffi^gents uijC ye&rs, The lung cancer risk due to smoking would 
Begin to incdfeaE^ at AS® 35. but because of the 10-year difference in 
# iiPSil onset|j^i^^ure, the risk due to the occupational exposure 
would not begin to be expressed until age 45, and even then would 
appear to belllsil^Knaller than the risk due to smoking because of 
the effects of tfe^rvger duration of exposure to cigarettes. If the 
cohort of Wolff'S wi^h these two exposures is relatively young, with 
few older wdrfeersTthen the effect of an occupational exposure may 
be missed erSsabSt&fttiaily underestimated. A similar concern exists 
when examining an^jjgent that was introduced into the workplace 20 
to 30 years cohort of exposed workers would represent a 

cross-section jgfggg«yand therefore a cross-section of smoking habit 
durations. AdAnpiuvc risk effect of the occupational exposure would 
be small in ?.«>tt>p»tuscn with the cumulative risk secondary to 
smoking in 9te eddifr workers, and the number of cases of lung 
cancer in young workers (where the risk effects might be more equal) 
would be small. Again, the effect of an occupational carcinogen could 
easily be missed in this setting. 

This discussion uses a simple statistical model of independent 
additive effects in concert with a biological concept of lag time. 
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Interpretation based on this kind of biologic extrapolation of 
statistical concepts is hazardous at best; nevertheless, some consider¬ 
ation of the differences in the age of onset of exposure should be part 
of both the biologic and the statistical considerations of the 
interactions between smoking' and occupational exposures. 

Control of Confounding 

The examination of the risk associated with an occupational 
exposure generally requires a comparison group. Prospective mortal¬ 
ity studies of the general population generally have too few 
individuals with the exposures of interest to allow analysis. There¬ 
fore. cohort and case-control formats have commonly been used. The 
control groups in either of these formats may be external (i.e., 
separate population) or internal (i.e., workers with high exposure 
compared with with lower exposure). A variety of methods 

have been l&Prto deal with the confounding of occupational 
exposure by c^areU&jsmoking. 

I T , 'l 

Comparisons xiemal Control Populations 

Common exb^na^ontrol populations are the national or regional 
populations lOeaiSi ^gates in these populations can be used to 
generate age-l^mPl^e-adjusted expected numbers of deaths for the 
exposed poptitadhMWWith the ratio of actual deaths to expected 
deaths as thl s ^$pvNThe large numbers of deaths in these large 
ct^tte^populi^^^^sults in relatively stable death rates over time 
fqti tnq. COmn^d.Q causes of death, and the Bmoking habits of these 
pdfrafimons «$§s^ften available from national or regional survey 
df^^owev^gp^itoking habits of the population are not known 
in relation tolthe cau$c of death, which limits the use of this data to 


control the djjjraaiffl8i|ing of occupational exposure by smoking in 
occupational cohhr$|,lf the smoking habits of the workforce are also 
known, then :5 ^^TOagnitude of the effect that the differences in 
smoking hatS^S^WTgSit have on the SMR can be estimated by 
assigning risk“'Y®h*qs to the proportions cf the populations in 
different smoking categories (as described in the section on sources of 
confounding) 1978). This adjustment for differences in 

smoking pre^J,My&g*|g nores trends over time as well as a variety of 
other potentpsTOyS^es of confounding. However, when this ap¬ 
proach is use^y^^oking-adjusted SMR alters the expected value 
of the SMR ? Trcm the value of 10) that was expected prior to 
adjustment for smoking. 

An alternative approach is to use an external control population 
for whom the smoking habits are known in relation to the causes of 
death. The use of a control population with known smoking habits 
allows the direct comparison of populations of smokers and non¬ 
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smokers with and without the exposure being investigated. These 
direct comparisons allow an examination of the risk of the occupa¬ 
tional exposure in the absence of smoking (i.e., in never smokers) and 
also the examination of potential interactions between smoking and 
occupational exposures. A study may be constructed to prospectively 
or retrospectively examine the lung cancer death rates in a cohort of 
occupationally exposed workers compared with a control population, 
or a group of patients with lung cancer may be identified and 
matched with a set of controls without lung cancer in order to 
examine the frequency of a given occupational exposure in the two 
groups. In examining lung cancer risk, it is important that the 
control population be similar to the exposed population in age, 
ethnicity, socioeconomic status, and geographic location. 

In general, studies are designed to be able to identify levels of lung 
cancer risk due.tai*!@|jpational carcinogens that are lower than the 
level of risk dp^To smoking. This potential difference in magnitude 
of effect need^lo bex^sessed carefully when considering the level of 
detail with wlUcK'Pi'e ijmoking data are obtained and examined. 

The selectic^^^^ntrol group for an occupational study is often 
influenced by the ea§^ with which data can be collected as well as by 
the mmparabprcy^irthe control group with the exposed workers. 
Control group ^BKtett& telected from unexposed workers in the same 
plant, from workers in different plants where no exposure occurred, 
from populat-oha selected from the same geographic locations as the 
workers, and i fro|n, gcpulations being followed as part of other 
epltfi!S^irib logic IMmiSktions. Some of these control group* may have 
su^t^iai dif|^^ices in smoking behavior from the exposed group. 
^ 0 fc*M|mple,|tfyE& 8 kgement and administrative employees are 
'inliuded in tfWfrSftjl group, the prevalence of smoking in Che 
control popula^gi^c^Si comparison with a blue-collar exposed group 
may be r edu ce&^ipn illr 1 y, controls selected from different worksites 
may hove differjRS^^boking patterns owing to differences in work 
rules, age of eidiijsioyeos. or other demographic factors, or eitnply by 
chance Popul^tiQ.ps..drawn from other epidemiologic studies may 
also have different smoking patterns, and the mode of determination 
and definition Ifcfesasp^ng status may be different from that used m 
the exposed group. , 

A common of controlling for the confounding due to 

smoking is to separately, examine smokers, nonsmokers, and former 
smokers. This pl^^^tamination of the independent effects as well 
as of the interactions; however, the examination of smoking patterns 
represents slightly different challenges in each of these groups. 

Lung cancer risks may be examined in nonsmoking populations of 
occupationally exposed and nonexposed individuals for two separate 
reasons. First, such analyses can establish whether a risk due to 
occupational exposure occurs in the absence of cigarette smoking or 
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whether exposure only modiries the effect of smoking Second, 
nonsmokcrs represent the lowest dosage category in examining the 
dose-response relationship for smoking. The demonstration of an 
efTect of an occupational exposure in the absence of cigarette 
smoking requires a population of lifelong nonsmokera who have 
neither smoked cigarettes or cigars or used a pipe. In contrast, when 
| a dose-response relationship is being examined, it would not be 

unreasonable to combine never smokers with pipe and cigar smok¬ 
ers, or even with light smokers, as a low dose group for lung cancer 
risk, (pipe and cigar smokers should not be included in the low dose 
group for oral cancer risk). For exposures with modest increases in 
lung cancer risk, the low prevalence of never smoking status, 
coupled with the low expected risk of lung cancer in this group, 
means that IbYg^ygmulations of workers must be examined in order 
to define thfe nS*% exposure in the absence of smoking. Most 
occupationai&tudies are limited by the sire of the workforce being 
examined, aiytf jtheSjjfore, It is often necessary to combine never 
smokers withJL ..-hiking risk groups ir. order to have an adequate 
sample size. Ij ■ Una combination has taken place, the study can 
examine only^thft^ffect of low smoke exposure coupled with 


occupational ji 
exposure in t! 

The low p; 
have never 

gj|g|^y mi 

workers (Hafnmon< 
recorded in 
workers (smoke 1 
were known, 
cases is n 



e, rather than the effects of occupational 
e of smoke exposure. 

in many current workforces of people who 
nd the low risk of lung cancer in this group 
only a very few lung cancer deaths occur in 
e number of deaths for which to perform an 
ects of an occupational exposure in the absence of 
e. in the large study of asbestos insulation 
t al, 1979), only 5 lung cancer deaths were 
iers out of more than 8,000 asbestos-exposed 
nonsmokers included) whose smoking habits 
g inferences from small numbers of lung cancer 
irymv^ccupational studies, but two important caveats 


should be considered, 
placed in the’ never 
have never 
misclassified £moke 
lung cancers 
smoker, none, 
that the da 


irst, it is essential that lung cancer patients 
oking category arc actually individuals who 
The inclusion of even modest numbers of 
or light smokers may increase the number of 
expected on the basis of the risks in the never 
ntrol population. For this reason it is critical 
king habits be accurate and obtained in the 
same way in the exposed population as in the control population. 
When the level of monetary compensation for occupational disability 
may be influenced by smoking status, workers may be motivated to 
define themselves as never having smoked, regardless of their actual 
smoking status. In many studies the determination of smoking 
status is made for the living subjects by questionnaire or interview 
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TABLE 6.—Comparison of smoking habit data obtained 
during life and after death 


Smoking habit data obtained 
dunnf life, 177 ( 

Number 

3«okjrtg habit dm ohuuwd «t death 

Never 

•nAkad 

Fon&eriy 

a mo V cxi 

5*rok«4 

StnOkorf U. 

Mm Iim 

N*w imotcr 

12 

1 

1 

2 

0 

Et-«mokfr 

K 

2 

IS 

2 

7 

Smokir 

76 

1 

12 

a 

30 


SOURCE: Bcirj «lUMiV 


and for those (which would include most individuals 

with lung can c^l&ptftestio rung next of kin or checking hospital 
records. Berry and colleagues (1985) examined the comparability of 


these data so 

which smoking { 



prospective evaluation of asbestos workers in 
. accumulated both at the start of the study 
period (i.e., prospectively) and at the time of death from lung cancer 
(i.e., retnxpecti^^^Noomparison of the smoking status obtained 
by the tv/o same individuals is shown in Table 5. In 

general, there &as good agreement between the two methods, but 
both methods §$ggjp|g|£|l as never smokers individuals who were 
classified as smoker^ by the other method. No data were presented to 
IrminaSSiteS^^hich method was more accurate, 
iom (SpKlajsification of smoking status, of itself, should 



auce s; 

for fKe'smoke 
the question 
smoking and s; 
exposure is pres; 
exposed smok 



rations for the population as a whole, or 
pulation (Greenland 1980). However, when 
is whether a risk exists in the absence of 
between smoking and the occupational 
misclassification of even small numbers of 
;i,as™Bpnsmokers can lead to the conclusion of 
increased risk c*Q.uag>£ancer due to an occupational exposure in the 
absence of cigarette smoking. The potential for misclassification 
exists and is concern when, decisions are being made on 

small numbers bf cases,^ 

The second ci?®raPsni)t may need to be applied in the examination 
of the effects of&es.&national exposure among people who have never 
smoked is the percamrat elTect of involuntary exposure to cigarette 
smoke. A number of studies have shown increased lung cancer risks 
in the nonsmoking wives of smokers, raising the question of a 
carcinogenic risk due to environmental tobacco smoke exposure 
UARC, in press). If these studies can be extrapolated to the 
workplace, then the potential exists for environmental tobacco 
smoke in the worksite to act as an occupational carcinogen, 
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particularly in those occupations in which there is a high prevalence 
of active smoking among workers. 

The considerations raised by examination of smokers with work¬ 
place exposures are somewhat different from those raised by 
examination of nonsmokers. Comparisons of 6mokers with and 
without an occupational exposure require careful attention to the 
correlations among age, duration of exposure, and smoking dose. Age 
adjustment of the death rates in the exposed group and the control 
population is generally accepted as more useful than simply compar¬ 
ing the mean age of the two populations, because of the rapid rise in 
lung cancer death rates in the older age groups. It is less widely 
understood that age adjustment does uot eliminate the effects of 
differences in the age distributions of smokers between the two 
populations. smoking-related risk of developing lung cancer 
occurs dispropo^^^teiy in older smokers compared with younger 
smokers. ThepH&ire, in two populations with similar prevalences of 
smoking, but^with^ifTerent age distributions of that smoking 
prevalence, t^e'iSJfpUlbtion with the higher prevalence of smoking in 
the older have the higher number of lung cancer 

deaths. This difference in number of lung cancers will persist after 
an age adjustffieittsasmg the age distributions of the entire popula¬ 
tion (smoker baw^iiwittemoker). Therefore, in considering the differ¬ 
ences between occupationally exposed smokers and smokers who are 
not exposed, t^^^^^ancer deaths should be adjusted for age on the 
basis of the age distribution of th? smokers in the two populations 
re$$iigifhan t>|^^^^tribution of the entire population. 

attempts have been made to combine the strengths of 
lafge^gppula^on jased measurements with the detailed measure- 
^hlmfS!%f available in cohort studies. Hammond and 

colleagues (19g&)ji§«l|the American Cancer Society (ACS) study of 1 
million men asa^vninnlen to develop a control group for a study of 
asbestos insulatiq^^srkers. From the ACS study population, they 
extracted a gx^^^of more than 73,000 men. who were white, not a 
farmer, had no more than high school education: did have a history 
of occupational expesbre to dust, fumes, vapors, gases, chemicals, or 
radiation: an&*uu£y|pve at the time of the initiation of followup of 
the insulatorff'fWK' this control group, they were able to develop 
age-specific a<j^p&*ji$j$ngspecinc expected lung cancer death rates 
for comparison with^the observed death rates in the insulation 
workers. Thr^jjg|lilif| difference in the time period of followup 
between these'two studies; therefore, the expected lung cancer death 
rates were adjusted upward on the basis of differences in the 
national lung cancer death rates during the years of differential 
followup. This approach allowed the expected rates to be calculated 
from a large enough population to provide stable rates in a number 
of separate age and smoking categories. The control group and the 
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exposed populations were also matched for a number of those 
characteristics that raise questions about the comparability of 

national death rate data to populations of employed workers. 

A somewhat different approach to the same problem was taken by 
Berry and colleagues (1985). They used data from a prospective 
mortality study of British physicians by smoking status (Doll and 
Peto 1978, 1981) to develop factors that related the risks of smokers, 
nonsmokers, and ex-6tnokers separately to the risk in the entire 
population of physicians. They calculated the expected number of 
deaths for the exposed workers in each smoking category, using 
national death rate data, and multiplied this expected number of 
deaths by the smoking factor to get a smoking-specific expected 
number of deaths for each category of exposed workers. They also 
adjusted the number of expected deaths for differences in geographic 
location by multipjgang the expected deaths by the ratio of the local 
lung cancer national lung cancer SMR. This approach is 

obviously quite sensitive to the method by which the smoking- 
specific factor^/ atSy.deyeloped, and it is not clear that one set of 
factors can be all ages. 

When an explicit control population is being used, the differences 


in smoking beh| 
model for lung^ 
variety of meai 
the mortality a 
ined by using i 


be controlled through the use of a statistical 
gUjg^isk in the population. Models may include a 
isISncigarette smoking dosage and duration, and 
by the exposed population can be exam- 
Ififlo model developed in the control population, 
ggigg^e confounding due to smoking to be adjusted 
of terms for intensi ty and duration of exposure. 


rnal Control Populations 


The use of control group drawn from the same 

workforce as the exposed population, but not exposed to the agent of 
interest, may prgjJppS^a control group that is more closely matched 
to the exposed mutation than the total U.S- population would be 
(Breslow et al^iSfiSi^Pasternack and Shore 1976; Redmond and 
Breslin 1975). Working populations tend to have a lower overall 
mortality than||f|g^jjjiife. population of the same ages (McMichael 
1976; Enterlini 1975; Fox and Collier 1976; Shindell et al 1978; 
Vinni and HatisSsSp^lSO), at least in part because workers with 
illness tend to. dr|p qut of the working population. This lower 
mortality has b^w^dS^d the healthy worker effect and is one of the 
reasons the selection of an internal control population may be more 
appropriate than using SMRs for evaluating occupational exposure 
risks. External control groups, selected from populations geographi¬ 
cally or demographically similar to the exposed population, may also 
provide a population more similar to the exposed workers than the 
general U.S. population. 
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That the smoking behaviors of the: exposed group and the control 
population nre comparable must still be established- The selection of 
a control population based on its similarity in one variable (such as 
worksite! does not allow l.h»* «ssim*plmn nl' f-omparnhijitv on niltto 
variables fsuch ns smoking ior: ' It : ;ir>,ibU fui . ur.i ' 

population to deviate from national measures ot smoking behavior ir, 
one direclion and for the exposed population to deviate in tin 
opposite direction, thus it is important to actually examine tin 
comparability of (hi* smoking lvh:i\-ior-> in ihi* er|>oscd group nnd th- 
control population even when .m inter nul cuiilitil population is uscU 

The absence of an external cnnirnl group means that the entire- 
population lias some exposure Potential confounding of rumulntn- 

occupational ^exposure b> cumulntivi- smoking uxpusun- cun U 
reduced by straTrfMftljori of the two (-xjKtsur.-.- in question Tin- rs.-i 
with increasr^sl’xpdiure Li an occupational ngenf ran then h 
examined within each stiato of smoking expusuie. Stratification ut 
smoking by only (cigarettes per dayl would lead to .1 

residual eon%$$&gg|of smoking and cumulative dust exposure 
owing to the importarpie of duration nf snuiking for lung cancel n-K 
and the assoi^^^pbf age with both duration jt arnuking .1:. , 
cumulative dt^g^Q^tre. 

The reductftm®*aticsidua! confounding should uU« guide 

s/'kntion rtf it*r i>l Im iiruikiit^ iiml flu- 

occupational exposure. Thv iuigvi tin ul Jui u auiukuu. .. 

rel^^^to th^j^S^^ to the occupational c-x|xjsure, the larger Ihv 
nuteberiof smoking strata needed to control the confounding. The 
us# K 'W' > toa f^s^^lrata may result in the residual confounding 
the|fif 8 ^®fnce of a dose-response relationship with the 
occupational exposere, 

A second controlling the confounding of occupational 

exposure by smofe^ behaviors ts through the use of modeling 
techniques. Bytgjglfbg a multiple logistic regression, a model of the 
3 moking varidtiTes tlakt contribute to lung cancer risk can be 
developed. Th^yiTtSdiSf should include measures of intensity and 
duration as well as abactor for cessation. Other factors that may 
contribute to tUS^SSwrel are type of cigarette smoked, use of pipes or 
cigars, and agtt.oLin^tiation (as separate from duration). Once the 
model is - estab^t^Nra’ smoking variables, a terra or terms for the 
occupational be added to the risk prediction equation 

and tested to se^Wneluier the term improves the fit of the model to 
the observed data. 

Case-control analyses can also be applied in the absence of an 
external control group by examining the distribution of exposures in 
cases of lung cancer and in a control group selected from the sample 
population of workers, but who have not died of lung cancer. 
Confounding due to cigarette smoking can then be controlled by 

12a 
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gratification (Liddell et al. 1984) or by modeling (Whittemore and 
McMillan 1983; Pathak et ai,, in press). This approach is particularly 
useful when a case-control analysis can be nested within an ongoing 
study of a cohort of workers. In this setting, the smoking habits of 
the workforce, are often known prior to the development of lung 
cancer, eliminating the potential for biased recall of smoking habits 
by the lung cancer patients (or their survivors) compared with the 
controls. 



Examination of Occupational Exposures When Smoking Habits 
Are Not Known 

In many occupational settings the smoking habits of the workforce 
are either unavailable of incompletely ascertained. In these cases, 
the death rates workers are compared with rates for a 

control population or with national mortality data (to generate an 
SMR), The potential for%noking pattern differences to influence the 
■SME is then calculating the maximal distortion that 

would be product)TsUnhtng that the exposed population had a very 
high smoking pre*dierys& The calculations used are simEar to those 
used in generating2 and 3. As discussed earlier, extremes of 
differences in anpraP^evaience and dosage could be expected to 
generate SMRs in excess of 200, and differences in age distribution 
imd type of ciganelliMimbked may increase this number even more. 
Once {m outer li^hl.J^smoking-relaled distortions of the SMR is 
it befw Wfeffif& e value that must be below (outside) the 
ronfsilt^s intery®5£urrounding the actual SMR for the exposed 
pojpufastibii in ofe jft^|frj exclude a potential smoking effect. This 
approach may %>e usewl in settings where smoking data are 
unobtainable, bijp^igi| not be used as a substitute for collecting 
smoking inlormatYdnw. 

When the :mor£gj||$P^h a control population is compared with the 
mortality of an §xpcised%>opulation in the absence of smoking data, 
the potential foi^differ^nces between the smoking habits of the two 
populations may be larder than the differences when using SMRs. 
The control the exposed population may deviate in 

opposite directions from c the mean smoking behaviors represented in 
the SMR, and dSS^P^idingly, the differences in cancer outcome 
may al6o be magr^n|d, : . :: .: 

One method for differences in smoking patterns 

between populations when smoking data are not available, or would 
be too costly to obtain, is to survey a random sample of the two 
populations for smoking behavior. The limitation of this technique is 
that the sample size needed to obtain estimates of usable precision is 
large and may approximate the site of the two populations com¬ 
bined. 
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Introduction 

Exposure lo harmful agents in the workplace is. and will probably 
continue to be, an important and avoidable cause of both acute and 
chronic lung diseases. The major chronic lung diseases associated 
with workplace exposures can be classified as the pneumoconioses 
(fibrotic diseases of the lung parenchyma secondary to dust inhala¬ 
tion), industrial bronchitis and other processes involving the lung's 
airways, and occupational asthma. Some of these diseases were 
recognized long before cigarette smoking became prevalent. During 
the 16th century, Agricoia and Paracelsus described diseases of 
miners (Hunter 1976); early in the 18th century, Ramanini (1940) 
reported further on the respiratory problems of miners and noted 
that the lungs of stonecutters were full of sand. Occupational lung 
disease in coa! rninerSjWas recognized during the 1800s (Morgan 
1984a). yiP 1 * 

In the 20th lentury, many chronic lung diseases caused by 
workplace exposjdr^.ha^’e been studied intensively using epidemio¬ 
logical, physiotoj§«ga|*g^d clinical approaches. The resulting data 
have been essentmrTcir developing the standards that govern 
workplace expo^g$s >3f gjxd for evaluating worker safety. In this 
century, howevc C aJpi syent of the effects of occupational agents on 
the lung has difficult by the widespread smoking of 

cigarettes. This yjghayjgy has been particularly prevalent among 
those at high ri5loTQ| is wjupational lung diseases—men employed in 
blue-CftUft&jobs (l &ajjii AEW 1579b). 

ThiToejpcc of piifm^nary impairment in any individual represents 


the stftPst&tion cpsl^e effects of all harmful environmental factors, 
in^trfjwM^igare ksat&arit ing. occupational agents, and other expo 
sure*. Cigarette smoking in the absence of other exposures, causes 
chronic bronchit^^l^ttiand mucous hypersecretion), airway abnor¬ 
malities, and emphysema (abnormal dilation of the distal airspaces 
with destruction aji^lwlolar walls); together, the last two disease 
processes underl^the'e^piratory flow limitation found in chronic 
obstructive lung disaase^COLDHUS DHHS 1984). Cigarette smoking 
may potentiate the effects of some occupational agents on the lung. 
This potentiationf|§gggg^ur through an effect of cigarette smoke on 
the mechanism of lung injury that results from a given occupational 
exposure, or it rr|^pp81S|t from a mechanism of lung injury due to 
cigarette 6moke that |s independent of the mechanism of occupation¬ 
al injury but proSsewi^S^level of combined lung damage capable of 
potentiating the level of disability or the level of abnormality 
detected by pulmonary function tests, x rays, or symptoms. The term 
"synergism” is used in this chapter to refer to an effect of combined 
exposure to cigarette smoke and occupational agents that results in a 
level of abnormality (by whatever measure being used) that is 
significantly greater than the sum of the levels of abnormality 
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produced by the agents separately. Such interactions are of impor¬ 
tance not only for researchers but also for the exposed workers and 
their employers. Synergism between cigarette smoking and occupa¬ 
tional agenta may, at the individual level, markedly raise the risk of 
developing disease and. at the group level, greatly increase the 
burden of occupational disease in the workforce. Thus, in evaluating 
the effects of workplace exposures on the lung, consideration must be 
given not only to the independent effects of cigarette smoking and of 
the agent of interest but also to the possible interaction of these 
facto rs. 

This chapter describes the techniques used to evaluate chronic 
lung disease in the workplace and addresses the methodological 
issues raiSed^by cigarette smoking. The focus of the chapter is largely 
confined ,t y|$a^h ronic. fixed lung injuries that result from these 
exposureJPllther than the acute reversible responses that character¬ 
ize occupgstiondfc^sthma. This focus was adopted in the interest of 
clarity add firevtey and does not suggest that the issues related to the 
evaluaticl^w*^icupational asthma are either unimportant or 
unrelated.to ciagiette smoking. Emphasis is placed on methodologi¬ 
cal probli'; :i lpqcific Exposures are reviewed in other chapters of 
this Repop._ 


eases 
rnation 

tte smoking is the predominant cause of preventa- 
mortality from respiratory diseases in the United 
1934). occupational exposures also produce sub¬ 
stantia) diSlpS^i^lliecause the occurrence of nonmalignant respiratory 
diseases is npi^rectly monitored, its frequency must be estimated 
from div^^mfiMuiation sources sucfi as the National Center for 

qSSx’KWlSW.TO 

Health Statistics,” the U S. Bureau of Labor Statistics, the Social 
Security ^dtmru&tration, and epidemiologic surveys. The extent to 
which cl^mcjj^hg diseases are ascertained by these sources 13 
difficult SffhjilLablish, but coverage is probably not comprehensive. 

Vital sjag^sslenumerate the numbers of deaths from specific 
causes. C^iroliic conditions, such as respiratory diseases, may be 
listed on t&£s$5i£|b certificate, but remain uncoded unless they led 
directly to death.‘For example, Rank and Bal (1984) reviewed death 
certificates and found that in comparison with its frequency as an 
underlying cause of death, emphysema was listed nearly twice as 
often os an uncoded "other" condition. Vital statistics data cannot 
readily be used for addressing questions related to the pulmonary 
effects of cigarette smoking and occupational exposures. Cigarette 
smoking is not included on the death certificate, and only usual 
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TABLE I.—Number of deaths in selected categories of the 
International Classification of Diseases (ICD), 
for three time periods. United States 
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are noted Further, the occupational 
coded by States (Kaminski et al- 1981). 
according to the International Classifica- 
in its ninth revision (WHO 1977). For the 
separate categories cover the obstruc¬ 
tive disorders, majirptWfUtTiocanioscs, and other interstitial diseases 
(Table 1 ). As the Ird^ernaycmat Classification of Diseases has been 
modified from th^^^flth through the ninth revisions, major 
changes in the chronic respiratory diseases have been 

made. The categdnesllor occupational lung diseases have been 
expanded and the|g$|||j^|iave been made more specific. With the 
eighth revision (US DHE^V 1968), a category (519.3) was added for 
the diagnosis of chronic obstructive lung disease (COLD). These 
changes must be considered in examining time trends of mortality. 
For example, after the introduction of a category for COLD, the 
number of deaths assigned to this code increased and deaths 
attributed to emphysema decreased (Table 1). 
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Estimates of disease occurrence based on vital statistics must be 
interpreted with caution. Some causes of death may be underreport¬ 
ed, and mortality rates may not directly reflect incidence. The 
mortality rate for a particular disease approximates the incidence 
rate as the case-fatality rate approaches unity (Kleinbaum et al. 
1982). Competing causes of death will also influence the relationship 
between incidence and mortality (Kleinbaum et al. 1982). For 
example, Berry (1981a) examined the mortality of 665 men certified 
as having asbestosis by medical boards in England and Wales. Of the 
283 deaths, 39 percent were from lung cancer, 9 percent were from 
mesothelioma, and only 20 percent were from asbestos is. The 
distribution of competing causes of death should be different in 
smokers and nonamokers; thus, even for non-smoking-related occu¬ 
pational ftuag diseases the relationship between incidence and 
mortaiityggggP"n^y with smoking practices. 

For eewral respiratory diseases, vital statistics underestimate 
mortality^For COLD, Mitchell and colleagues (1971) compared cause 
of death,; as Imported on the death certificate, with clinical and 



autepsy-di 
dete nnin' 
death ce 
(1979) 

160 deaths from 
workers, 
statemen 



sagnoses. In Sill subjects who died of COLD, as 
topsy, another cause of death was listed on the 
for 61. For asbestosis, Hammond and colleagues 
t available medical information" and identified 
his pneumoconiosis in a cohort study of asbestos 
|were similarly classified by the death certificate 
of death. 

s compensation claims are another source of 
bout the occurrence of occupational lung diseases, 
jrkrnen’s compensation claims involve acute prob- 
I and may more accurately measure conditions 
ritant gas or vapor inhalation than with the 




yever, 
ferns (Wh. 
associft 
pneumocoi 
Under tl 
era are r 
illness (USi.iw 
Bureau of : Labor 
data Dur 


Rational Safety and Health Act, selected employ- 
maintain records of occupational injury and 
of Representatives 1984). In an annual survey, the 
tistics collects and reports the injury and illness 
2,000 reports for dust diseases of the lungs and 
8,800 for respiratory conditions due to toxic agents were filed, but 
more spet|i^^^noses were unavailable (US DOL 19B4). In the 
introduction t§> the 1982 survey, it was acknowledged that '“to the 
extent th^^i^tionftl illnesses are unrecognized and therefore 
unreported, the survey estimates understate their occurrence" (US 
DOL 1984. p. 3). 

On a national level, the Social Security Administration operates a 
compensation program for people who have been disabled for at least 
5 months (US DHHS 1983). People receiving compensation for 
chronic lung diseases must meet this criterion as well as stringent 
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requirements for the extent of impairment on lung function testing 
(US DHEW 1979a). Data from the Social Security Administration 
probably underestimate the prevalence of most chronic lung die- 
eases. For example, Epler and colleagues (1980) showed that 
approximately 9 percent of a series of clinically diagnosed patients 
with pneumoconiosis met the Social Security disability criteria. 

Epidemiological surveys offer the most accurate estimates of 
disease frequency, though the surveyed populations are generally 
limited to employed workers and disease frequency may therefore be 
underestimated. Estimates of disease frequency from a particular 
survey should be generalized cautiously. Nonrandom selection of 
occupational groups for study as well as the nonrandom enrollment 
of workers wit^yi a particular workforce may introduce bias. 


Occurrence 


ronic Lung Diseases 


Although the-aveuldble data sources have limitations, they can be 
used to documpnt^fheirelative frequencies of cigarette-related and 
occupation-relJsIlNIttipnic lung diseases. Most indicate that the 
diseases associ^j^J cigarette smoking are much more common 
in the generatfpo|fmtion than those resulting from occupational 
exposures. 

In recent years, mortality from COLD has steadily increased; the 


number of deaf 
1). The 1984 So 
Chrvh 




rom 32,179 in 1970 to 51,889 in 1980 (Table 
eneral's Report, The Health Consequences of 
ctiue lAing Disease (US DHHS 1984), offered 
,000 people would die from COLD during that 
COLD mortality rates for smokers and 
at 85 to 90 percent of COLD deaths in the 
ttrlbuted to cigarette smoking (US DHHS 


jtamini 
norismokers s 
United States 
1984). 

As described 
surveys provid 


1984 Surgeon General’s Report, numerous 
tes of the prevalence of COLD (US DHHS 
1984). Rcpresep^E^iy.g recent data have been collected in Tucson, 
Arizona, in six other\j.S. cities, and nationwide in the National 
Health lntervifejt.,^^ey (NK1S) Lebowitz and colleagues (1975) 
sampled 3,305 subjects in Tucson from 1972 through 1974. In men 
over 44 years : |^§|jgg^iphysician-d!agnosed chronic bronchitis and 
emphysema were reported to be 10.2 and 13.3 percent, respectively. 
In women ov^^M^ars of age, the percentage with chronic 
bronchitis was '9.0 percent and with emphysema, 4.3 percent. From 
1974 through 1977, Ferris and colleagues (1978) surveyed 7,909 men 
and women in six U.S. cities; 5 percent of the men and 1.9 percent of 
the women had airway obstruction, defined as a ratio of forced 
expiratory volume in 1 second (FEVi) to forced vital capacity (FVC) 
less than or equal to 60 percent. The 1970 NHIS Included about 
116,000 persons in a nationwide sample (NCHS 1974). Individuals 19 
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years of age and older were asked whether they or other family 
members not present at the time of the interview had bronchitis or 
emphysema during the previous 12 months. On the basis of this 
survey, 3.4 million Americans over 45 years of age were projected as 
having chronic bronchitis or emphysema. In contrast, data from the 
Social Security Administration, not included in the 1984 Surgeon 
General's Report, showed only 20,246 new claimants for COLD 
receiving disability benefits in 1979 (US DHHS 1983). 

The available data sources also probably do not comprehensively 
document the nationwide occurrence of occupational lung diseases. 
The number of deaths recorded as due to several occupational lung 
diseases was stable from 1960 to 1980 (Table 1). but it is unlikely that 
these death certificate data provide accurate estimates of the actual 
prevalency.>or severity of these disease processes in the U.S. 
population, nSffift ltd the inaccurate reporting of these diseases as 
cause of d^itFi. The Social Security Administration is also an ongoing 
source of ijiformy^ion. In 1977, 820 persons were granted disability 
for pneun&tfHjftosiis; in 1979, the number had decreased to 389 (US 
DHHS from the 1970 NHIS provide an estimate of the 

prevalence fif worit-related chronic lung diseases across the Nation 
(NCHS 19^$%0§i 5 Hicipant5 were queried concerning dust in the 
lungs, pneumoconiosis during the previous 12 months; 

their responses were used to estimate that 126,000 people nationwide 
had these togS^s. 

Numerous yorkjforces in the United States and elsewhere have 

S sur^Hi^ establish the prevalence of occupational and 
e.upaj^g^al lung diseases. Representative recent surveys of 
g^j^ers inyh<| t^y ted States are presented in Table 2, showing the 
^ prevalencl^SFtiB^ase and of cigarette smoking. Various disease 
indicatorsa^^w|t6idered in these studies. Chronic bronchitis was 
diagnosed (Stvtbft oasis of persistent cough and phlegm as ascertained 
by questioni^^^'For the pneumoconioses, the presence of disease 
was basedp^thfi^presence of radiographic abnormality. Of note is 
the high gt&xai&nce of coal workers' pneumoconiosis reported by 
Morgan and colleagues (1973). A different group of readers subse¬ 
quently rd®&gfp|$ted the chest films reported in the Morgan and 
colleagues’study and found a prevalence of only 12 percent; this 
lower pre^Sl^^^uggests overinterpretation on the initial reading 
(Morring and AUmsld 1984). 

Regardl^^^e occupational group, cigarette smoking is com¬ 
mon, even in workforces exposed to acknowledged respiratory 
hazards (Table 2). At the time the selected surveys of these workers 
were conducted, 1966 to 1977 for the asbestos workers (Weiss and 
Theodos 1978; Samet et ai. 1979) and 1981 for the uranium miners 
(Samet et al. 1984), knowledge of the hazards of these occupations 
was widely disseminated and information concerning interaction 
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TABLE 2.—Prevalence of cigarette smoking and 

occupational lung disease in selected survey 
populations 
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with cigarette smoking was accumulating. ^Nevertheless, a large'- ' 
proportion of the participants in these surveys smoked cigarettes,* 
The findings from these surveys with regard to the prevalence of 
smoking are supported by larger data seta collected from population* 
samples (Friedman et el. 1973; Sterling and Weinkam 1976)i 
Friedman and colleagues (1973) questioned 70,289 participants in 
the Kaiser-Permanentc Multiphasic Health Checkups program and^ 
found a higher proportion cf smokers in those reporting occupational 
exposure to asbestos, silica, or fumes. Similarly, Sterling and 
Weinkam (1976) examined smoking patterns by employment status 
in data from the 1970 NHIS and found the prevalence of smoking to' 
be highest among blue-collar workers. Association between occupa-'. 
tional group and cigarette smoking practices is addressed in detail 
elsewhere in this Report i 

Thu-^jgsf* search and clinical care related to chronic occupational, 
lun^iiseaees, consideration must be given not only to occupational' 
expjjsures^ut also to cigarette smoking. The remainder of this’ 
chaijiteipdesbnbcs the general patterns of lung injury by cigarette 
sm<|£i&ilid occupational exposures and the methods used for 
eval'ntingworkers who are exposed to both. ; ’’ 


Lung !n|ury > 

; injury caused by cigarette smoke and occupation- 
jenjls m^y be broadly categorized as the large airways, the small 
the parenchyma. The effects of cigarette smoke on’ 
ftes are summarized in Table 3. A comparison of injury; 

I from cigarette smoke and from selected, but representative,^. 

[ exposures follows : b 

f: 

refui Cigarette Smoke 

If&rn of lung injury associated with cigarette smoking has 
ehensively described elsewhere (US DHHS 1984). In the 
lar^e"*iw*ys. cigarette smoke causes an increase in mucous gland 
size and injgoblet cell number. These changes result in increased 
muS89c ; $$k5ticti c, n and the associated symptom of chronic bronchitis. 
Large airwjy injury may contribute to airflow obstruction, but the 
perpliiliLdiiirways are the predominant site of the increased airflow 
resjj§tojls§i» COLD (US DHHS 1984). 

Cjfl^jlgieFIn the small aimvays are one of the earliest manifesta-J 
lions of cigarette smoking. Niewoehner and colleagues (1974) exanf 
ined the lungs of 20 smokers and 19 nonsmokers who died suddenly 
at a mean age of 25 years. A pattern of small airways injury, termed 
"respiratory bronchiolitis," was readily identified, even in these 
young smokers. Clusters of brown pigmented macrophages were 
found in the respiratory bronchioles, which also displayed increased 
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TABLE 3.—Pathologic changes and manifestations of lung 
Injury by cigarette smoke 
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numbers of infli -.■ r«..'_^ry ceils and denuded epithelium. To charac¬ 
terize the phystef.igica konsetjuencer. of small airways injury associ¬ 
ated with smok^^jC.ift^'cttcs, Cosio and colleagues (1978) correlated 
small airways mSrpiiofogy with lung function in 36 patients under- 
goiry^^SffHcotcto^g^ localized lesion. With increasing cumulative 
consumption, both inflammation and fibrosis of the respiratory 
orodCTrotes Lncj^&spd. furthermore, airflow obstruction, as mea- 
s ffM j Bffiffifc he ra jjlB&ri&ffi Vi to FVC or by the maximum midexpirato- 
ry flow rate (FEfti-rewbprogressivety decreased and residual volume 
increased withigsppsllriounl smoked. Physiological measures of 
airflow obstruction f^grelated with the severity oT small airways 
abnormalities, 

The major parefiStiyfSal injury associated with cigarette smoking 
is emphyserna:^"ac«t>rmal dilation of air spaces distal to the 
terminal bronchioles accompanied by destruction of air space walls" 
(US DHHS 19f|ip|S§§in9). Emphysema and smalt airways injury 
contribute to t^e^olmiological impairment found in COLD; in 
individual patie!ittI a ipTO^COLD, either may be predominant, but both 
are probably imm^Jn most (US DHHS 1984). By itself, emphyse¬ 
ma is aecompadiiljiJyspirometric evidence of airflow obstruction, 
increased lung compliance, and increased total lung capacity (TLC) 
and residual volume (RV). The diffusing capacity for carbon monox¬ 
ide varies inversely with the extent of emphysema (Park et al. 1970; 
Cotes 1979). Emphysema is also associated with abnormalities of gas 
exchange. 
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Cigarette smoking, through its effects on the small airways and 
lung parenchyma, produces the clinical syndrome of expiratory flow 
limitation with dyspnea. The chronic airflow obstruction found in 
COLD develops progressively and insidiously in most cases through a 
sustained excessive decline of ventilatory function (US DHHS 1984). 
In COLD, spirometry shows reduced FEV, and a reduced FEV, to 
FVC ratio; FVC may also be diminished. The eurfiow obstruction is 
accompanied by increases in RV and TLC (Bouahy et al. 1971; Cotea 
1979). 

Injury From Occupational Exposures 

For occupational exposures in the absence of cigarette smoking, 
the patterns of lung injury vary among the agents, presumably on 
the basis offdifferences in their physical and chemical properties. 
Although the cliafasil and physiological manifestations of occupa¬ 
tional lung i§piry may be distinct from those of cigarette smoking, 
overlap occupJor some exposures. 

As with ci^aif&te smoke, chronic irritation of the large airways by 
dusts and gw*-- & 'Msociated with mucous gland enlargement and 
mucus hyperw^retiftp (Morgan 1978, 1984b). This pattern of injury 
has been we^ s ^p^iiented clinically and pathologically for coal and 
cotton dust (|)§jgj|ggi|et al. 1982; Edwards et al. 1975; KibeLstis et aJ. 
1973; Merchant et al. 1972). Gold miners and grain workers also 
develop chtis attributable to occupational dust expo¬ 
sure (Irwig and Rocks 1978; Bosnian et al. 1930). 

!p$8ifet;ia] |i!lHim|is may be associated with airflow obstruction. 
Hjgg^hson asjd^polleagues (1997; studied approximately 9,000 coal 
from 39^ to 1974. Among the nonsmoking miners with dust- 
"'mcureU brompfisipilecreased airflow at high lung volumes was 
demonstrated^.&p^ng suggestive of changes in the larger airways. 

AbnormalitSs^'oTtne small airways seem to be one of the earliest 
responses to mi|N||(ih dust exposure (Churg et al. 1985). In a recent 
study of hat$§$j^,.,guners end people employed in the asbestos, 
constructionand shipyard industries, Churg and colleagues (1985) 
showed that fTie aTjnbrmalities of the respiratory bronchioles associ¬ 
ated with mfejej^i^ist are accompanied by airflow abnormalities. 
The lesions «i%f§Sid of fibrosis and pigmentation in the smalt 
airways and Igsw^sSj&tsidered by these researchers to represent a 
nonspecific response to dust. 

Involvemei^^^^ small airways has also been demonstrated in 
workers with specific exposures. For example, the coal macule is 
characterized by the deposition of alveolar macrophages loaded with 
coal dust in the respiratory bronchioles (Morgan 1984a). Subsequent¬ 
ly, the involved respiratory bronchioles dilate, a change termed 
"focal emphysema" (Morgan 1984a). At this stage, individuals 
usually are asymptomatic and have no physical findings. The chest x 
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ray may be norma!, or rounded nodules, less than 10 mm in 
diameter, may be present, predominantly in the upper lobes. These 
findings characterize the simple form of coal workers’ pneumoco¬ 
niosis. In spite of the presence of roeritgenogTaphic and pathologic 
abnormalities, only subtle abnormalities of small airways function 
are demonstrable in simple coal workers’ pneumoconiosis (Morgan 
1984a). 

In certain chronic occupational lung diseases, parenchymal lung 
injury may be accompanied by evidence of restriction alone; in 
others, variable combinations of restriction and obstruction may 
occur. Relevant examples of these two types of processes are 
asbestosis (Seaton 1984a) and the complicated forms of coal workers’ 
pneumoconiosis and silicosis (Morgan 1984a; Seaton 1984b). 

Although asbestos exposure is associated with fibrosis of the 
respiratory brdnchja}^. the injury often progresses and involves the 
alveolar ir»terstttS&m with the development of parenchyma! fibrosis 
CSeaton l984a}JThe cjinicai consequences of this parenchymal injury 
are cough andftlys^nel. Other changes found in asbestosis include 
|basiiar. irregular, linear opacities on chest x 
unctjpn testing shows only a restrictive pattern 
* al FEV/FVC%. and decreased TLC. 
implicated forms of silicosis and cual workers' 


crackles, clubbi 
ray. Puimona 
with reduced F 
in contrast, 
pneumoconios 
restriction. In 5 
replace the n 
Obsjjjfgfgion mi 

;e nKl/sffy a pro; 
Sor soi 



accompanied by obstruction in addition to 
borders, large masses of dust and fibrosis 
Tuhg ptrinchyma and reduce FVC and TLC. 
present, presumably because of increased 
gg and parenchymal abnormalities. Dyspnea is 
»|tnt symptom 

salvational agents, the associated lung injury at 
specific anatorrtic loci resembles that ITcm cigarette smoking. Large 
airway irritati^W^ I rdlesa of the exposure, is accompanied by 
abnormalities of Etw^mucous glands and mucus hypersecretion. 
Small aii-ways effected by occupational agents, and a paltern 

of injury distia£T"Tr£inrf that found in cigarette smokers has been 
describ'd (Chu^W'Shv^SS). However, the parenchymal abnormali¬ 
ties of advanced pneumoconiosis can be readily distinguished from 
emphysema as^li^^rwith cigarette smoking. 


the Effects of Occupational Exposures 


Methods for Evald 
on the Lungs I 1 

Workers exposed to occupational agents that cause chronic lung 
disease may be examined for diagnostic reasons, for surveillance, or 
for research. Regardless of the purpose of the evaluation, the same 
assessment techniques are generally used: history of respiratory 
symptoms, physical examination of the chest and extremities, 
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spirometry and other physiological tests, and chest x ray (American 

Thoracic Society 1982b; Boehlecke 1984; Townsend and Belk 1984). 
These techniques and their sensitivity to the effects of cigarette 
smoking arc described below. 



,_JL, 




History of Respiratory Symptoms 

Symptoms of lung disease are nonspecific; the mo6t prevalent are 
cough, phlegm production, wheezing, and breathlessness or dyspnea 
(Gandevia 1981). Although a physician may take a conventional 
history to evaluate these symptoms, standardized questionnaires are 
generally used for surveillance and research purposes. 

In the 1950s, the British Medical Research Council developed a 
standardized respiratory symptoms questionnaire for studies of the 
epidamiolo^-of chronic bronchitis and chronic obstructive lung 
disease (Saxp«ts.f&'i, Florey and Leeder 1982). In 1968, this question¬ 
naire was adapted for use in the United States by a committee of the 
American Thoracic 'ociety (1969). Three years later, the National 
Heart and ccitute made available a version that had been 

modified to inx j^krvo, its suitability for the United States (US DHEW 
1971). la 197|U.th merican Thoracic Society published a further 
revised res^t^jjsly. symptoms questionnaire (Fetris 1978). The 
Medical Ri ^MMinffi'iiiiiril questionnaire or one of these modified 
versions haibeen u^sd in most studies of chronic lung disease in the 




workplace,. 
wheezing. aijd.< 


|e a senes of questions related to cough, phlegm. 


Q&Sife&r inv 

^» ion , 

designed, m 

airflow obsti? 

lower respira 5 

(Fletcher et 

questions w. 



rch Council questionnaire was originally devel- 
ting the etiology of chronic bronchitis and airflow 
ie’. al. 1959; Samet 1978). The questionnaire was 
test one of the prevailing hypotheses about 
at mucus hypersecretion predisposed repeated 
t infections and consequent airflow obstruction 
1976). Accordingly, the cough and phlegm 
Ldd to be sensitive to the earliest phases of mucus 
hypersecreti^.a.cpnd it i o n largely attributable to cigarette smoking 
(US DHHS 1984). T^e questions may be less satisfactory for cough 
and sputurn with other exposures, particularly if those 

other exposufeifproduce a pattern of symptoms different from those 
due to , such as nocturnal cough or episodic cough. 

Further, thefr sdhsitvvity to cigarette-associated mucus hypersecre¬ 
tion may hirijSSlti^ration of an occupational exposure's effect on 
the occurrence of cough and phlegm from that of cigarette smoking 
The dyspnea and wheeze questions probably do not share this 
sensitivity. 

In population surveys, cigarette smoking is the major determinant 
of the prevalence of cough and phlegm (US DHHS 1984). This 
association has been confirmed in occupational groups as well as in 
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population samples (Gandcvia 1981; US DHHS 1964; Petersen and 
Castellan 1984). Wheeling is also associated with cigarette smoking 
(Mueller et al. 1971; Samet et al, 1982; Sehenker et al. 1982). 
Dyspnea has multiple determinants that interact in a complex 
fashion; cigarette smoking and smoking-related impairment of lung 
function contribute to the occurrence of dyspnea (Wasset-man and 
Whipp 1975; Cotes 1979; Killian and Jones 1984). 



Chest X Ray 

The pneumoconioses are associated with characteristic radio- 
graphic abnormalities, although the chest film may be normal in the 
presence of biopsy-proven disease (Epler, McLoud et al. 1978). A 
conventional clinical interpretation is usually sufficient for estab¬ 
lishing the pneSriige-.JSf pneumoconiosis. Preferably, however, the 
chest x ray should Sir coded according to the classification estab¬ 
lished by the International Labour Office (TLXD) (1980). This system, 
originally published, fti; 1950, categorizes the types of abnormalities 
on the chest xy£$&}&Jahape and size, and provides a grading (the 
profusion) for the density of small opacities. The opacities 

classified as are grouped as rounded or irregular. If the 

opacities are l&s gran^l cm in diameter, they are called small; if 
equal to or gresSsitii&Sih 1 cm, they are called large. 

The effects ofc^areUe smoking on chest x-ray findings have been 
examined, usii^wftit'bonventionaf interpretations and readings in 
the ILQ aysteautopsy evidence and animal exposure 
stujjp^thow tfttfNffwette smoking leads to abnormalities in the 
airvSSpiiSbr.d pai&hchyina that might produce radiographic abnor- 
D%^Ksi!^9h; Weiss 1984). However, these changes are 
subtle in'comparison with the pathological findings in the pneumo¬ 
conioses. Ggarf^SatfcSking is associated with modest amounts of 
interstitial fibrosis4a 5l tK: lungs, in addition to airways abnormalities 
and emphysem^^irpHEW 1979b; Weiss 3964). For example, 
Auerbach and |whcagu^s (1974) examined lung sections from 1,443 
men and 388 womafv.deceased between 1963 and 1970, and found 
more fibrosis id sinokefs than in nonsmokers and a dose-response 
relationship befeajgj^'e degree of fibrosis and the amount smoked. 
The small airways of cigarette smokers, even at young ages, display- 
inflammation v^^^S^na of the bronchiolar walls, smooth muscle 
hypertrophy, agd goblet cell metaplasia (US DHHS 1984). These 
changes may uriUCTwI^t least in part, the pattern of increased lung 
markings in smokers described anecdotally by clinicians, but are 
unlikely to be confused with the more extensive fibrosis found in 
moderate or advanced pneumocon totic lung disease. 

Comparisons of chest x-ray findings generally show a higher 
frequency of abnormalities, interpreted as representing interstitial 
fibrosis, in smokers than in nonsmokers. These investigations have 
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been based On chest films from both the general population end 

3pecific occupational gToups, Weias (1967,19G9) reviewed chest films 

from two samples of adults—participants in a tuberculosis screening 
program and hospital employees. In both groups, he identified a 
pattern of increased lung markings, termed diffuse pulmonary 
fibrosis, more often in smokers, and showed that the prevalence of 
this finding increased with the amount and duration of smoking. 
These studies have been criticized because the films were 70 mra 
photofluorograms taken for screening purposes and not full sized 
(Kilburn 1981). Further, the films were not read directly according to 
the ILO classification. In another study that did not use the ILO 
system, Carilli and colleagues (1973) showed that radiologists could 
generally distinguish smoking women from nonsmoking women by 
the presence ofiiitafcy§nd nodular fibrotic changes in the smokers. 
Epstein and col|p|rult i |l984) read the chest * rays of 200 hospital¬ 
ized patients acdordingjo the ILO classification. Twenty-two patients 
with at least jiategory 1/0 profusion and no documented dust 
exposure or oth i»*«j>jg h>tion for nodular densities were identified, 
10 of whom hadnot smbked cigarettes. Because this study included 
only hoepitalizc^s^gjife, the results may not be generalizable to 
working populaj^^^^ 

The results oHnVtetvgations involving occupational groups do not 
show strong effB?tg«»(«^igarette smoking on the profusion of smell 
opacities. Gloveir'a^d colleagues (1980) read the chest films ol slate 
•vorjpg^tnd a iMBteaet ed control group according to the 1971 ILO 
clas^fisajion. In.tLe controls, small irregular opacities were not seen 
in rt'o'h'smpkers.^u^were present in 7 percent of currant and former 

the National Inrfitute for Occupational 
Safety and Health interpreted chest x rays of 1,422 blue-collar 
workers whose^t|fi§lft| and past employment should not have 
involved exposure t&tRKpiratory hazards (Castellan et al. 1984). Only 
three workers ^gSPlVlpast category 1/0 profusion, two with small 
rounded opecittes aTid'l ne with small irregular opacities. Sixty-one 
percent of the giStiJeirtSi were current or former smokers. However, 
the mean age: of subjects in this study was only 33.9 years, 
substantially IbwP^rian the age at which pneumoconiosis or 
significant cigajM&jg-^Jiated airflow obstruction would generally be 
manifest if exp&sui|;'oe^an at about age 20. In a much smaller study 
of similar desiwtaalSeB^ier and colleagues (1984) identified small 
opacities in unl^' 1 persin in a control group of 48 office workers, 31 
percent of whom smoked. 

Studies of workers exposed to hazardous agents show that 
cigarette smoking may modify the pattern of radiographic abnormal¬ 
ity. In coal workers, small rounded opacities predominate in the 
simple phase of coal workers' pneumoconiosis, but irregular opaci¬ 
ties may also be present (Amandas et al. 1976; Cockcroft et al. 1982, 
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1983). The irregular opacities are associated with cigarette smoking 
and with reductions of FEV tl FVC, and diffusing capacity (Cockcroft 
et si. 1982). In autopsy specimens obtained from coal workers in the 
United Kingdom, Ruekley and colleagues (1984) demonstrated that 
emphysema was present in 90 percent of the lungs with email 
irregular opacities, but in only 60 percent with small rounded 
opacities alone. Dick and colleagues (1983) examined the radiographs 
of a stratified random sample of miners from 10 British coal mines 
and concluded that smoking did not influence the prevalence of 
rounded opacities. Smokers had a greater prevalence of irregular 
opacities, but after adjusting for the effects of differences in age and 
dust exposure, these results were not statistically significant. 

Studies of other occupationally exposed groups also demonstrate 
that cigarette ?-* 0 )pJcing may affect the pattern and extent of 
radiographic In granite workers, Theriault and col¬ 

leagues (1974) pound that rounded opacities were related to an 
estimate of lifetime du^t exposure, whereas snail irregular opacities 
were more strbng^ related to smoking. In workers exposed to 
manmade ritr|i»8PR$^rs, the prevalence of small opacities was 
determined not .mjlyJSy estimated exposure but also by smoking 
habits (Weill Using multiple logistic regression, Peters 

and Mlleaguea!§P!@Sf5| showed that cigarette smoking, but not 
particulete exposure, predicted the occurrence of linear opacities in 
silicon carbide lit asbestos workers, the predominance of 

evidence Indicates |ha| cigarette smoking acts independently and 
addilPP^- to create radiographic abnormalities (Weiss 


norifexposed in 
chest x-ray reai 
ated with defT 
Smoking may alsi 
increase the p 



ygse studies of occupationally exposed and 
indicate that cigarette smoking may affect 
arette smoking alone is occasionally associ- 
ormalities classified in the ILO system, 
the radiographic pattern and independently 
or abnormality. In addition, the threshold 
for detection of^QjiljncrTnality on chest x ray may be exceeded more 
frequently or at an^e^rhor age in workers who smoke than in 
workers who dd 




Physiological ||jg^pg$$nent 

An evtduBtiqn o£jiy 9 rkei-s for diagnosis and surveillance may 
include auscul^raliNjf the chest, for breath sound quality and 
intensity and for the presence of adventitious sounds including 
crackles, and sxamination of the fingernails for evidence of clubbing. 
Crackles, also referred to as rales or crepitations, are discontinuous, 
interrupted sounds thought to arise from the sudden opening of 
small airways or from the bubbling of air through secretions in 
larger airways (Loudon and Murphy 1984). Fine crackles may be 


155 



http://legacy.library.ucsf.e<Sriliffl^tei(W^iO/|wlivw.industrydocuments. ucsf.edu/docs/zxgl0001 


[ 


52614 3884 





jr \ 



l>- V 




heard in people with dlfTuse interstitial fibrosis. For example, Epler, 
Carrington, and colleagues (1978) reported that fine crackles were 
present in 60 and 65 percent of subjects with biopsy-proven and 
clinically diagnosed asbestos is, respectively. Some definitions of 
asbestos is incorporate the presence of crackles as s diagnostic 
criterion (Murphy et al. 1978). Because crackles may be heard in 
asbestos is and other occupational lung diseases, auscultation has 
been advocated as a surveillance technique for monitoring workers 
exposed to asbestos and other agents (Loudon and Murphy 1984; 
Murphy etai. 1984). 

Few studies have addressed the effects of cigarette smoking on 
auscultatory findings, however. Epler, Carrington, and colleagues 
(1978) reported the results of a conventional clinical auscultation of 
patients with Various interstitial disorders or with chronic obstruc¬ 
tive lung disea^ffijgpK^h is largely attributable to cigarette smoking. 
Fine crackJesJtharacterifltic of asbestosis, were heard in only 10 to 
12 percent of sdie latter group, though coarse crackles were more 
common in chronic bronchitis. Two studies of asbestos 

workers sugga^tHlt^igarette smoking may independently increase 
the frequency g|^qiu§||es. To quantify the separate effects of asbestos 
exposure and f;iga|%ite smoking on the prevalence cf bilateral fine 
crackles, Samit'ended!leagues (1979) analysed data from 409 survey 
subjects, usin^jg^Urie logistic regression. Statistically significant 
effects of botHnsir^luhg and asbestos exposure were found. In the 
oth§e*Uidy (MjgemaKiei ah 1984), a technician examined each subject 
wifKy^ndtfVagea Approach and a summary crackles score was 
cafculausd. M@TOTOria.te analysis suggested that cigarette smoking 
lower abnormality levels of this score. The 
consistent fin dings of th ese two investigations seem plausible in view 
of the effects <• gSVette smoking on the small airways, the site 
where fine crackJ<*jli|g- ! e presumed to originate (Loudon and Murphy 
1984). In 590|i^^oj;.ed men not exposed to respiratory hazards, 
crackles were heard predominantly in the older smokers (Gartdevia 
1981). This finSlng'lluHher supports a relationship between cigarette 
smoking and t|^g£esdhce of crackles. 

Clubbing rererl wa change in the configuration of the nail beds, 
which can be l^^^j^tilated by the hyponychia! angle (Regan et al. 
1967), It has jna|y causes and is a nonspecific manifestation of 
advanced chr^^^^piratory diseases, lung cancer, and other 
disorders (Shrieerson 1981). Because clubbing may be occasionally 
found with COLD, its presence may lie related to cigarette smoking 
as well as to occupational lung disease. Samet and colleagues (1979) 
found that cigarette smoking and occupational exposure to asbestos 
were independent determinants cf the prevalence of clubbing in four 
different populations of asbestos workers 
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Findings on clinical examination, like respiratory symptoms, are 
nonspecific, and a conventional physical examination alone is an 
insensitive method for diagnosing chronic occupational lung dis¬ 
eases. However, the presence of fine crackles, in the Setting of an 
appropriate exposure, should alert the clinician to the possibility of 
pneumoconiosis, even if the chest x ray is unremarkable. Clubbing, 
when attributable to a chronic pulmonary process, is generally a 
marker for more advanced disease. Diseases associated with ciga¬ 
rette smoking may be accompanied by crackles or clubbing. 

Evaluation of pulmonary function in occupationally exposed 
individuals, whether for diagnostic or research purposes, should 
include spirom^ry, which measures FVC, FEV„ and maximal 
expiratory flow' ra**»^Ferris 1978; American Thoracic Society 


1982b). The effi 


smoking on spirometric parameters are 



in chronic occupational lung diseases 
with FVC, FEV^ and other spirometric 
,ing habits must be considered in interpret- 
capacity, which is reduced by sraoking- 


itiscussed elsewVjgre in™.this chapter. The diffusing capacity for 
carbon monOjdd| ttf^ralso be measured; it is a sensitive test that 
may detect ea 
(Weinberger et a I 
measures, cigare 
ing the level 
related lung dise$ 
tional lung disc; 
reducsg^gj^her b 
COL ^tj^refore;' 
radioroftSSl meth^ 

did&$8Pi| ev»l 
bronchial reacti-yit 
such as methac 
Some studies in 
creased in cigan 



articularly emphysema) as well as by occupa- 
et ah 1982; Miller et ah 1983). FVC can be 
ive lung diseases, such as asbestosis, or by 
attould be measured with a physiological or 
order to establish the presence of a rastrctive 
tjects for occupational asthma, nonspecific 
be assessed with pharmacologic agents, 
with cold air inhalation (Brooks 1982), 
at nonspecific bronchial reactivity is in- 
:ers (Kabiruj et al. 1982; Gerrard et at. 


1980), though others do not (Kennedy et al. 1984; V/anner et al. 


1985). 

Exercise testin. 
impairment resulting 
(American Thora 
characterize the 
diseases, but is r; 



f the methods used to assess the degree of 
frpm a chronic occupational lung disease 
y 1982a). Exercise testing has been used to 
lysiology of chronic occupational lung 
for establishing clinical diagnoses or for 
epidemiological studies (Wiedemann et al, 1984) and is not discussed 
further in this chapter. Cigarette smoking can impair exercise 
performance through a variety of mechanisms (Cotes 1979). 
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Quantification of Effects of Smoking and Occupation In 
Populations 

Concept* of Interaction 

Interaction has been defined as "the interdependent operation of 
two or more causes to produce an effect” (Last 1983, p. 51). 
Epidemiologists may also apply the term "effect modification" to 
variation in the magnitude of an exposure’s effect as the level of 
another exposure changes (Last 1983). Synergism refers to an 
increased effect of the exposures when both are present, and 
antagonism refers to a reduced effect (Last 1983). Statistical model¬ 
ing techniques are generally used to test for the presence and 
direction of interaction, The most widely applied statistical tech¬ 
niques measure interaction on either an additive or a multiplicative 
scale (P.othrh a. I960; Kleinbaum et al. 1982). Ideally, the 
choice of a rr@s|§nsnauld be based on a specific biological formulation 
of disease pathogenesis; most often, however, the underlying biologi¬ 
cal mechaniSrnj^ 5 .arh not well established and largely statistical 
aattstderatiat ^Ais^i the selection of an analytical model. 

The results ofsucKl models must be interpreted not only statistical¬ 
ly but also inffipUjjjifcal and public health contexts (Rothman et aL 
1930). Rothn^ryfe^colleagues (1980} argued that biological models 
should be ex(^r$jNleacribed; in their view, the labeling of mecha¬ 
nisms as syriguj^|^§|or independent does not advance the under¬ 
standing of dselleetiology. They broadly described two categories of 
meglj^isms: ^|&jpsss|vith the multiple etiological factors acting 
ii^^mangea^Vat the same step and those with the factors acting at 
dmferfeht step^rT^e corresponding statistical models are the additive 
respectively- These authors and others (Blot 
and Day I97^Sara^ 1980; Kleinbaum et al. 1982) have concluded 
that, from tH«|piP^ health viewpoint, departure from additivity 
represents in ter aether. 

Both advan«Sf§Sfi:he .understanding of disease etiology and the need 
for protectinfpuHie health provide a compelling rationale for 
assessing int^fh'fitfijtK. between cigarette smoking and workplace 
exposures. Cigarette^noking may interact with a particular expo¬ 
sure through sSPMraH mechanisms that range from behavioral to 
molecular leveitjCTahie 4). The 1979 Report of the Surgeon General 
(US DHEW liSTODSpartially addressed different forms of interaction 
between smotesg&pafl occupational exposures: other plausible hy¬ 
potheses concerning interaction between cigarette smoking and 
occupational agents can also be postulated. The interactions listed in 
Table 4 are intended to be illustrative and not exhaustive. 

Some consequences of cigarette smoking might lead to a reduction 
of the dose of an inhaled agent. In comparison with nonarriokers. 
current and former smokers have higher rates of absenteeism from 
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TABLE 4.—Some potential interactions between cigarette 

smoking and occupational exposures in the 
pathogenesis of chronic occupational lung 
diseases 


Sourct of inicrtcvoo 


PaUiiiutJ 


lncr«m.<W »bdeni*ri»rB bf **nokm fra/n vorl 


S*kctinn of more fi< rwirjrtokm infci 
»tr*to**lly job* 

Coouimini^ tifjertto id u i t*cu?r 

ire mA#hntin*d 

ui towi< or T.T--E i£mtl U 

Inrre^W |*»chcohf«^hi*J 4 |q>!!ioa of 
nod propie 


Keduo«i uthaW ir+* tn 
tfrwktrt 

Ri^ucrd tnrt*|wi dot* in 
■maker* 

lr<tr*sed «po*arr fff wnokeri 


ChfTrrin^ re^uAVii lung tofrr* 
in vrvlkrn ftnj AOjtAnujtrr) 


Routed murt- '-ry tfjufsport in unukrn 


^■1 
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*7 t »"*1 

V» • e tr^nor of 
panjcu**^ * h» 4r Wrt 

cr\Ls n Wati V ifTiqken 


In* Tensed do« in imekrrt 
inemtic'i 4m* in vnaker* 

Incrrosrd luftf injury Ln »n»kers 



JS Dt 

fWrdi 

bic capacity, 
tasks in the wi 
jobs might incr 



X97pb1- Because cigarette smoking and cigarette- 
ry diseases are associated with reduced aero- 
srs may tend to perform the more strenuous 
The higher ventilatory requirements of such 
^he amount of dust or other agents inhaled; 


smokers waulp3s,„sR£red 10 the extent that they are selected for 
more sedent^y^jg^s. The excess mucus production of chronic 
bronchitis might protect against soluble agents through the in¬ 


creased absorg 
Tobacco pn 
workplace chi 
smokers are p: 
contaminatio: 



&city of the mucus. 

lucts fought serve as vectors for the transformation of 
sinto more harmful agents- For example, 
aced at jncreased risk for polymer fume fever through 
cigarettes by fluorocarbons; toxic products 
are generated by the cigarette's heat and are inhaled by the smokers. 
Reduced pulmonary defenses in smokers might also increase the 
effects of occupational agents. The mucociliary apparatus of the 
airways removes particles and absorbed gases by physical transport 
(Wanner 1977; Lippmann et al- 1980). Both cilia and mucus are 
affected by tobacco smoke, and direct measurements of mucociliary 
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transport in animals and in humans confirm that long-term smoking 

impairs particle clearance (Wanner 1977; Lippmann et al. 1980; US 
DHHS 1984). Cohen and colleagues (1979) have demonstrated 
impaired alveolar clearance of particulates in smokers, as well. A 
plausible, though not established, consequence of reduced clearance 
is the increased pulmonary residence time of harmful agents and an 
increased duat burden in the lungs. Finally, alterations of lung cell 
populations and the presence of inflammation in smokers might 
amplify the effects of inhaled occupational agents. Inflammatory 
cells are thought to have a central role in lung injury caused by 
occupational agents (Campbell and Senior 1981; Bitterman et al. 
1981). The lungs of smokers yield markedly increased numbers of 
macrophages and neutrophils in broncboalveolar lavage fluid in 
ecmpansbit with the lungs of nonsmokers (US DHHS 1984). Thus. 
6ynergiam bet-wiSien cigarette smoking and an occupational agent 
could refipS a greater release of enzymes and other toxic products 
from the^large^umbers of inflammatory cells that have been 
recruited Intagthefung by cigarette smoke. 


Study D‘ 

Several f eg 
indspen 
exposures; 
survey, is^ 
feasibility 
ties d 
: stu 
smonii 

«5«»Kf | 

investlgatL 
have been 
cation of 
people with 
if they we 





iological study designs are used to assess the 
teractive effects of smoking and occupational 
man populations. The cross-sectional study, or 
V widely used approach, primarily because of its 
cost. Most surveys involve data collection from 
employment status or union membership. In a 
; xposed and non exposed people are followed over time 
the development of disease. Large-scale cohort 
orkers exposed lo nsbestoa, silica, and coal dust 
ut. The casc-contral design involves the identifi- 
h the disease of interest and a controt series of 
disease who would be potentially selected as cases 
Stavde^elop the disease. The exposure histories of the 
cases and gflaiisis. flre ascertained and compared. This design has 
been used : infrequently for studying chronic occupational lung 
diseases. 

As a mimmurni v^hen cigarette smoking and a single occupational 
agent ere the study should provide estimates of their 

independent e|fect4 and of the combined effect. This minimum is 
suggested bj§£$§j£iihe impairment observed in a particular popula¬ 
tion reflects the consequences not only of the occupational agent but 
also of all other damaging environmental exposures. Of these, 
cigarette smoking is by far the moat important and the most readily 
assessed. Cross sectional, case-control, and cohort designs meet this 
requirement if the cigarette smoking practices and exposure histo¬ 
ries of the subjects can be accurately determined. 
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Assesooient of Exposures 



Cigarette Smoking 

The American Thoracic Society (Ferris 1978) has recommended 
that a cigarette smoking questionnaire include smoking status 
(never, current, or previous}, age started smoking, age stopped 
smoking (for former smokers), current and usual amount smoked, 
and depth of inhalation. Questions concerned with brand and extent 
of filter cigarette smoking are optional, but should be used when 
possible to address research questions related to types of cigarettes 
smoked. The recommended items provide several measures of 
exposure to cigarette smoke for data analysis: usual amount smoked, 
duration of fsmpking, and cumulative consumption. The items 
related to cigwgljiMsirnoking status can be used to stratify a study 
population inlifcurrent, former, and never smokers. 

These aiinple..jgga$UrM of exposure to cigarette smoking strongly 
predict the nsit of both age-specific overall mortality and COLD 
mortality (LB IfaffEW 1979b; US DHHS 1984). In the major 
prospective q$Ks>£§.$Studies, dose-response relationships between 
amount smokojl^fgldtsAge-speciFic mortality have been demonstrated; 
the findings BavebeSn similar for duration of smoking (US DHEW 
197Sb). Assoc^^Hg|'ith self-reported depth of inhalation have been 
less consistent, Indices of pulmonary morbidity also vary with 
n^Si&es of|i9p^%e smoko exposure (US DHHS 1984). The 
ct^lii&i^ricy findings for morbidity and mortality emphasises 

porta1 lecttng information on the parameters of 
cigarette smoung inepidemiological investigations. 

Setf-report^^^^S^ 53 )' underestimate true cigarette consumption; 
however, the dbgxge of bias has not been shown to vary with 
occupational jggjpftT,'For the United States and other countries, 
estimates of fnStfott^ide consumption based on survey data are 
generally lowjfe'rtft'S'ft;.consumption figures calculated with informa¬ 
tion from ir^nUfacUtrers and government agencies (Todd 1978; 
Warner 197«P*f?PTne Multiple Risk Factor Intervention Trial 
(MRFIT), val|jj§^tt»*!sdj)f smoking with serum thiocyanate measure¬ 
ments documlnt^j underreporting of smoking, which was greater in 
the group ra^^^^d to special intervention (Neaton et al. 1981; 
Ockene el. at. 1982). This finding implies that bias in reported 
smoking may vary with the context in which the information is 
collected. Workers exposed to agents associated with lung disease 
might report their smoking habits; differently from unexposed 
workers; both more and less accurate reporting by the exposed 
population can he postulated. 
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Occupational Exposures 

For clinical and research purposes, exposure to occupational 
agents should be documented and both duration and concentration 
estimated, when possible. The techniques used to establish expoaure, 
duration, and concentration are diverse, and are not considered in 
detail here. Comprehensive reviews and books about them have been 
published (Hammad et al. 1981; Dodgson 1984; Craliey and Cralley 
1979). The methods include self-report, use of industry, occupation, 
or job title as a surrogate for exposure, area campling, personal 
dosimetry, and biological markere. 


Data Analysis 

In an epidemiological investigation of s population at risk for 
chronic occupad$db STlung disease, information concerning work¬ 
place expoeur&i and cigarette smoking.is collected Bnd appropriate 


health outcomji ru^as 
try, are 

tions between ? ris 
associations; i 
rette smokirq 
primary risk 
logical meth 
smoking and 



an 

cosside 

of 

regardless of the stud 
ing and effect 
smoking. Confoutv 


such as the chest radiograph and spirome- 
analysis is directed at characterizing associa- 
rs and disease and at the modifiers of these 
of chronic occupational lung disease, ciga- 
posure to the occupational agent are the 
be considered. Data analysis with epidemio- 
ovide estimates of the independent effects of 
tional agent and test for interaction between 
1982). These techniques, some quite complex, 
here*, but approaches for assessing interaction are 



estimates of exposure 
cigarette smok 
confounding ' 


ted to a chronic occupational lung disease, 
design, must address the potential confcund- 
tion, or interaction, resulting from cigarette 
refers to the bias introduced when the effects 
of one factor ^separated from those of another. In studies of 

ihronic occupational rung diseases, confounding may occur when 
the occupational agent are associated with 
example, in a study of asbestos workers, 
present if the more heavily exposed individu¬ 
als were also ji^§a|»ag^nokers. Comparisons of blue-collar workers 
with white-collar eimpfbyees may be confounded because the former 
are more oftenl^^^. 

Confounding can be'controlled at the design phase or at analysis 
by either stratified or multivariate techniques (Kleinbaum et al. 
1982). Options in study design include restriction of participants to 
smokers or to nonsmokers alone and matching of occupationally 
exposed and nonexposed subjects for smoking habits. At analysis, 
whether stratified or multivariate, biologically appropriate and valid 
measures of cigarette smoking are needed More simplistic variables, 
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®uch as categorical indicators designating never and ever smokers, 
may not be satisfactory, and their use may only partially control 
confounding. In particular, measures of cumulative consumption 
seem most appropriate for the lung function changes of COLD 
{Burrows et al. 1977; US DHHS 1984). However, errors in the 
measurement of smoking may reintroduce confounding and appar¬ 
ent effect modification (Kleinbaum et al. 1982). 

Simple generalisations cannot be offered concerning the potential 
magnitude of bias that uncontrolled confounding by cigarette 
smoking can produce. The bias will depend on the strength of the 
association between the occupational exposure and cigarette smok¬ 
ing and on the magnitude of smoking’s effects in the population. 
However, because there is a high prevalence of smoking in the 
workforce and ’"etnoli^rig has a strong association with lung function 
impairment, i^snould not be dismissed as a confounder merely 
because som£ particular level of effect is found for an occupational 
exposure. Fujrth*^ the attainment of statistical significance for the 
effect of an odigjgg||i||8al exposure does not exclude confounding. 

Either stratified or,multivariate statistical techniques can be used 
to test for int$lis.tsfiv. In the first approach, variation in the effects 
of one factor occupational agent) is examined across strata 

defined by tlilf l&sonti factor (e.g., cigarette smoking). More often, 
multivariate models, either linear or logistic, are used to 

test for intedactain ttCliinbaum et aJ. 19S2). In linear regression 
nv.<jsjg^i the cJ^ruient variable is a continuous measure, such as 
the model, the dependent variable is the occurrence 

or" ncinbicurr^^^ of a discrete outcome, such as the presence of 
In bsd'. types of models, khe independent variables may 
include termsfer the^individua! exposures and cross-product terms 
to test for lSl|ln^HSn. The regression coefficients estimate the 
effects cf the exu&w^es on the dependent variables. For example, 
models develqgSSthTor, ; an asbestos-exposed study population might 
include a varhifife'lor cumulative asbestos exposure, a variable for 
cumulative cij^5W£i®'x;onsumptioii, aJid a variable created by multi¬ 
plying the twq St^tispically, the null hypothesis of no interaction is 
tested by the |iiwPpft>duct term. Failure to reject this null hypothe¬ 
sis indicates are consistent with the two factors acting 

mdependentl^TSow'ever, interpretation of such analyses must 
consider the §gak;:®£K:which interaction is measured; linear models 
assess departure irohn additivity, whereas logistic models test 
departure from a multiplicative interaction (Kleinbaum et al. 1982). 
The coefficient for the cross-product term specifies the direction and 
magnitude of the effect of interaction, at various levels of the two 
interacting factors. 

The limitations posed by sample size must also be considered in 
interpreting the results of modeling In studies of occupational 
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groups, the number or subjects is most often determined by the size 
of the workforce and by feasibility considerations, and rarely on the 
basis of more formal sample size calculations with statistical 
methods. The statistical power of testa for interaction tends to be low 
(Greenland 1983), and potentially important interactions may not 
attain conventional levels of statistical significance without a 
sufficiently large population. 

Analysis of epidemiological data can also provide estimates of the 
effects of exposure at the individual level and at the group level 
(Kleinbaum et al. 1982). Measures of association between exposure 
and disease estimate the excess risk incurred by exposed individuals. 
Measures of impact combine measures of association with the 
prevalence of exposure and estimate the contribution of specific 
exposures to the disease burden in a population. The mo6t widely 
used is the pppstfeiliin attributable risk or etiologic fraction. These 
measures caiM>e used to gauge the relative importance of cigarette 
smoking and jjccujja^onal agents. 

Specific InvaiSSl^ibn Issues 
Population S afeefiofli 

The moat »idal!s,at nployed design for investigating occupational 
lung disease, Sft^WSlS-aectiona! study or survey, may be biased when 
subjects are from the active workforce. The individuals 

examined at lny|particular time in a cross-sectional study may be 
rejjft ftfed as from the entire population that entered the 

pJ^W^ar workplace! Individuals with • illness tend to leave the 
wfflwee, wl^H^a healthy individuals tend to remain. This bias, 
$fg%^ined worker effect, must be considered in both 

longitudinal and cross-sectional designs (Fox and CoLLier 1976; Wen 
et al. 1983). Ti^^^^^ations for surveys of occupational lung disease 
are evident and fewe^been widely discussed (McDonald 1981; Field 
1981; Lebowitj^$ini !f only employed workers are considered and 
individuals wixK'Sccu'^ationsl lung disease leave the workforce, the 
measures of ihsstkHstion will underestimate the true effect of 
exposure. In fact, thejeaving of employment by people who are ill 
has been dem|iiK£li^d in several industries (Fox and Collier 1976; 
Musk et al. ISg^^e^nald 1981; Soutar and Maclaren 1982; Eisen 
et al. 1983). TSt^if^ulting bias should be evaluated by examining 
retirees and ot^G&wtwi huve left. 

The role of c^lfttihsmokmg in determining the magnitude of the 
healthy worker effect has not been fully evaluated. Overall mortality 
ratios for cigarette smokers are greater below age 65 (US DKEW 
1979b), and cardiovascular diseases, respiratory diseases, and lung 
cancer generally contribute prominently to the reduced ail-cause 
mortality of the healthy worker effect (Fox and Collier 1976; Wen et 
al. 1983) Thus, cigarette smokers would be anticipated to leave the 
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workforce prematurely more often than noos lookers. A recent study 

of Vermont granite workers provides data that conflict with this 
hypothesis, however. Eisen and colleagues (1983) compared men who 
remained in the industry during a 5-year followup period with those 
who terminated. The rate of FEV, loss was greater in those who left 
the industry, but their cumulative cigarette consumption was not 
significantly greater than that of those who stayed. These data do 
illustrate the selection bias that results from differentia] termina¬ 
tion of employment, contingent on the development of disease. 

Eisert and colleagues (1983, 1984) have explored other sources of 
bias in respiratory disease surveys. In the granite workers' study, 
men whose spirometric testing repeatedly failed to meet criteria for 
acceptability jhpd a more rapid decline of FEV, than those with a 
better perfoan|^p^This finding suggests that the exclusion of 
subjects whofHiing function testing is judged unacceptable may 
introduce bia*Aowan$the null. 


External Con 


ilations 


When 5 ubjesti)ar|t ; %eleeled for an epidemiological investigation, a 
population, nfe. ^ || yfc d to the agent of interest but similar in other 
respects to tnosewio are. may not be available for comparison 
purposes. In ^^^^urnstance, an investigator may consider only 
the exposed sbbje|ts ejnd evaluate the dose-response relationships if 
th^es jpfeaita rylSm^fe available, or identify an external population 
as controls Ifjthe latter approach is used, the control population 
mustb« cornfftralle tp the exposed group on potential confounding 
TaM&fiHsuch jiNsp^sex, race, and cigarette smoking. At times, 
appropriate eS&K^^jjiopulations may not be readily identified. 

Neverthele^i'ets.ttrlial control populations are frequently used. In 
mortality 6 tudig^j|fei''‘U 5 e of general population rates for ejaculation 
of "expected 1 'pilthfc^ssurnes that the general public is the control 
group. Frequ'^Uy^lung function levels in exposed people are 
compared with these predicted from tests performed on "normal" 
populations, rbsg^^SSh asymptomatic non smokers without respira¬ 
tory disease ((ftausen j.982) Recently, Peterson and Castellan (1984) 
reported the |&ia|ili§ce of chest symptoms, as measured with a 
modified Med^cal|R(»earch Council questionnaire, in 1.372 blue- 
collar worker^witp^yed in plants considered to be free of respira¬ 
tory hazards. The data are illustrative of the effects of smoking on 
the prevalence of major respiratory symptoms; even in this young, 
employed population, all of the symptoms examined were more 
common in current and former smokers. The authors provided 
smoking-specific prediction equations and suggested that these data 
can be used for comparative purposes. 
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Colinearity of Aging, Cigarette Smoking, and Occupational 

Exposure Effects 

From approximately age 25, measures of ventilatory function 
gradually and progressively decline. In nonsmokers, the rate of loss 
is approximately 20 to 30 mL annually for FEVi and FVC (US 
DHHS 1984). The decline in FEV, with age may not be a linear 
function with a constant decline each year, but rather, the absolute 
rate of annual decline may vary with age. In addition, the rate of 
decline in lung function with age derived from cross ■sectional studies 
may be an overestimate of the actual race of decline because of 
possible differences in lung function among different birth cohorts in 
cross-sectional studies. Some cigarette smokers lose function at much 
more rapidyates and ultimately develop COLD, unless they atop 
smoking (US 1384). Presumably, a similar insidious excess 

loss of fuifggfSm (fctedates the appearance of clinically evident 
chronic occipotioM,,! lung disease 

Thia aimv|[t«k*!euiE contribution of aging, smoking, and occupation¬ 
al exposure|^|sg^funelion loss represents a formidable analytical 
problem. Flirt her complicating its solution is the temporal colineari¬ 
ty or correlation of these three independent factors; age, cumulative 
smoking, and, cumulative exposure all increase with the passage of 
time. FaHurij s t^Mdres3 this colinearity may lead to confounding and 
to an incorrteSjgssassment of the effect of exposure. 

Tha prob|Yrhfis most often addressed by using external standard 

S tions ^fitai^ Bol for aging and, at times, cigarette smoking, or 
tiple regression modeling (Berry f981b). In the first approach, 
ed lu^frcjnctjon levels in the exposed workers are calculated 
# P^^tredic^H^H^ittons developed in other populations; sex, age, 
race, and cigarette.- smoking habits may all be considered in the 
calculations^^P^^imple, Beck and colleagues (1984) conducted a 
cross-sectional shoppy of cotton textile workers in ColumbU, South 
Carolina, Sjsshdrtietfic test results Tor the cotton workers were 
compared vSCK"'ffie^expected values calculated from survey data 
collected In^TW'S' towns in Connecticut and one town in South 
Carolina. For each^|otton worker, an expected value was predicted 
on the baspPiPlex. age, height, and weight, with regression 
equations d^jvgdJgom asymptomatic nonsmokera in the control 
communitiei^utvialions from the expected value were then exam¬ 
ined within defined by smoking. Thia approach is effective 

when appropriate'external populations are available. Prediction 
equations developed for clinical purposes are frequently used, 
primarily owing to availability; investigators should, however, 
consider the comparability of the exposed workers with the “nor- 
mar population from which the prediction equations were derived. 

Multiple regression techniques permit a simultaneous examina¬ 
tion of the effects of age, exposure, and smoking, as well as their 
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interactions, on lung function measures. Comprehensive treatments 

of these methods have been published (Draper and Smith 1966; 
Kleinbaum and Kupper 1978), and only their use for lung function 
data is considered here. With this approach, the lung function 
measures are the dependent variables, and age, smoking, and 
exposure are the independent variables in a model of this form: 
Y^ct + B^-i-BjXi-f BjX a + . . . BJC.+e; where Y is a lung function 
parameter, a is a constant term, X, through X are the independent 
variables and B t through B, are their regression coefficients, and * is 
a term for error The regression coefficients describe the change in Y 
per unit, change in a particular X,, with all other independent 
variables held conslant. An estimated regression equation is general¬ 
ly obtained fc^the least squares criterion. 

Most Standag^gttiitistical packages for computers include this 
technique, apShti cart be readily applied to a data set. However, the 
results of suq£t.modq|i.ig may be misleading, and the plausibility of 
such models |sh®gld be assessed by careful examination of the raw 
data and resl^ifisfchd by other formal means. In addition, model 
development 'should,joe guided by biological rather than primarily 
statistical co^Hgiaons: that is, the investigator should specify the 
regression most appropriate fashion biologically, rather 

than rely on SLatisticsil procedures for variable selection. Colinearity 
and exposure effects may limit the multiple 
]High correlation in a data set between any two 
event assessment of their independent effects. 


of the age, si 
regression appro 
ofeSgSgft facto' 


iGyafttlhcat.o 



cts In Individuals 


Properl/ epidemiological investigations can provide 

essential infomi^tmnlabour the occurrence of chronic occupational 
lung diseases in aginations. They can establish that' an occupational 
exposure is quantify the risk associated with exposure, 

describe the Regent’s 'contribution to the disease burden in the 
population, ahtT clrcurnent the consequences of reducing the expo¬ 
sures. For a& jtasjij^ual, epidemiologicaily derived estimates of 
relative risk gjlinef’tiHy indicate the excess risk incurred by virtue of 
exposure to a;p* 0 jgtt^ar agent, as compared with nonexposure. But 
such a measure o| relative risk cannot be interpreted directly as a 
quantitative the chance that a particular individual's 

exposure to the agent was responsible for the occurrence of the 
disease concerned. Statements concerning causality in an individual 
case are particularly difficult when the disease of interest has 
multiple causes and interactions among them arc of potential 
importance. 

Judgments concerning the causation of disease in specific individu¬ 
als ore frequently necessary, however, for deciding claims made 
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through workmen's compensation, the courts, or other mechanisms 
(Hoffman 1984; Hadler 19&4). Legal proof of causation hinges on a 
finding that the exposure more likely than not caused the disease 
(Danner and SagaJl 1977; Hoffman 1984). Allocation of probability of 
causation when multiple agents interact is particularly problematic 
(Cox 19841, but frequently necessary. In particular, the evaluation of 
impairment in cigarette smokers exposed to harmful occupational 
agents requires judgment concerning the independent and combined 
effects of all exposures. 

Accepted methods for accomplishing this quantification have not 
yet been developed- Enterline (1983) considered the problem for two 
agents that interact in a multiplicative fashion. Cox (1984) has 
suggested ah., approach that covers the situation of joint and 
interacting eaugtt^|AlgorithrtYS have been proposed for specific 
diseases, such as asbestos is (Mitchell et al. 198S), and for specific 
agents, Buch^gs radiation (NRC 1984). However, these approaches 
have only recently bOen proposed and their applicability remains to 
be established; 

Some guidance be found, however, in the pattern of physiologi- 


pneumoccr uqwh 
are part ofyd 
reductions or^3 
complicated sil 
patterns are|j! 


cal abnorma^^^r example, the impairment in a smoker with 
asbestos is, n0 ev *deneft of airflow obstruction, can be 

attributed mostly tb the pneumoconiosis. Corresponding!y, the 
presence of aj^f^ft&®§$>struction and an increased TEC in an asbestos 
worker who amok- s |nd who has a normal chest x ray suggests that 
tjpaHjpaira ^Ba W; largely attnbutable to cigarette smoking. The 
prqbtem is ij»re complicated in those situations where reduced 
ejjainHory afrT-iw present and TLC is decreased or in those 
pneumoccreductions in the rate of expiratory airflow 
are part ofyjgfeisittern of the pneumoconiosis. For example, 
reductions FVC, and FEVVFVC may all be found in 

complicated siland coal workers’ pneumoconiosis, and these 
patterns are||§iyX%£jto those found in cigarette smokers. Emphyse¬ 
ma decreasestung elastic recoil, whereas some pneumoconioses, such 
as asbestosiii Tncreit$e it. These competing effects may result in a 
TLC that is incrjyjy5j& l normal, or reduced in a smoker with COLD 
and pneuroolijfiwill. depending on which effect predominates. Thus, 
3 mokers wit^^^»&|a-nd pneumoconiosis display diverse patterns of 
lung function jjhnprmality. Evidence of airflow obstruction on 
spirometry r^l^^^xorupartied by a reduced, normal, or increased 
TLC, and the diffusihg capacity for carbon monoxide will generally 
be reduced regardless of the cause of the injury. In this setting, the 
diagnosis of pneumoconiosis can often be established from the chest 
x ray findings, but responsibility for impairment cannot readily be 
divided between COLD and pneumoconiosis. For chronic occupation¬ 
al lung diseases associated with airflow obstruction, even diagnosis 
may be difficult in an individual cigarette smoker. 
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A second method of separating the relative effects of two agents in 
a combined exposure is to use the known dose-response relationships 
for the agents- This approach is most useful when exposure to one 
agent has been alight in comparison with the exposure to the second 
agent. Difficulty arises when an individual has been exposed to 
biologically equivalent doses of both agents or when exposure to one 
of the agents cannot accurately be assessed. 



Summary and Conclusions 

During the 20th century, cigarette smoking has become prevalent 
among workers at risk for occupational lung disease. By itself, 
smoking causes p'uiipona^ry impairment; among people exposed to 
harmful occupati^^^8hts, the interactive effects of smoking may 
increase the number of individuals developing clinically significant 
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icians and researchers, cigarette smoking 
; ^&nd important challenges, 
ir monitoring the occurrence of occupation- 
not comprehensive and do not include 
tte smoking. Other approaches, such as 
;r more accurate data and facilitate 
upational lung diseases. Because of the 
Stic criteria for chronic lung disease, in 
lonal lurg diseases emphasis should be 
urespf physiological change, roentgcnographic 
other objective measures. 

correlate lung function with histopatholo- 
j^out in occupationally exposed 6mokers and 




3 . The effects of appette smoking on the chesl x ray should be 
clarified. lr^g 4 :^oJ.|ar, the sensitivity of the ILO classification 
to smoking-related changes should be further evaluated in 

is reported with bias by occupational- 
reported histories should be compared 
with biologl^ipg^kers of smoking in appropriate populations 

5. Mechanism^ through which specific occupational agents and 

cigarette might interact should be systematically 

considered. Both laboratory and epidemiological approaches 
should be used to evaluate such interactions. 

6 . Statistical methods for evaluating interaction require further 
development. In particular, the biological implications of 
conventional modeling approaches should be explored. Fur¬ 
ther, the limitations posed by sample size for examining 
independent and interactive effects should be evaluated. The 
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consequences of misclassification by exposure estimates and of 
the colinearity of exposure variables should also be addressed. 

7. The role of cigarette smoking in the "healthy worker effect” 
requires further evaluation. 

8 . Approaches for apportioning the impairment in a specific 
individual between occupational causes and cigarette smoking 
should be developed and validated. 
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Introduction 

Occupational bronchitis is defined as the occurrence of bronchitis 
caused by worksite chemical or physical agents, whether encoun¬ 
tered as gases, fumes, vapors, or dusts. Having derived from a 
crowded field of overlapping Bnd confusing terms, the term "occupa¬ 
tional bronchitis" has inherited a certain inexactitude and has been 
applied with ambiguity. To complicate the issues further, some 
industrial substances that cause bronchitis also frequently cause 
other lung diseases, especially the pneumoconioses and asthma, the 
symptoms of which may mimic those of occupational bronchitis. 
Studies of these occupational lung diseases have not always differen¬ 
tiated clearly between the development of bronchitis and the 
development^ other lung disorders. Hence, this review begins by 
briefly a p p I yic ua la m a ry distinctions in terminology to the 
area of occupstf*&Hatfy derived bronchitis. 

ta used ...by cigarette smoking, industrial agents, or 
Iftrenic'^simple bronchitis" denotes the presence of 
h phlegm production not attributable to a 
such as bronchiectasis or tuberculosis 
Thoracic Society 1962). The operational defini- 
bronchitis provided by consensus groups of 
investigators 20 years ago has been widely 
d nonirvdastrial studies; cough and sputum 
ays for at least 3 months annually for 2 
1950). Fletcher and coworkers (1976) sutse- 
rated that this hypersecretory disorder among 
can occur independent of airway obstruction and 
to an obstructive disorder. Brinkman and 
irroed these findings in an occupational setting 
study. Mucus production causes morbidity in 
creased pulmonary infections, but it does not 
ipnea or potentially disabling obstructive dis- 
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#££$& of 
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in a more ab 
that it may 
cause signify 
case. 

"Chronic obstructive bronchitis" often included in the generic 
teem "chronic.obstructive pulmonary disease” (COPD), is defined by 
the presence ojf3».ii?0dw obstruction as measured in most occupational 
studies by the deducticpi in the ratio or forced expiratory volume in 1 
second to capacity (FEV,/FVC). More recently, flow 

rates at low lu|sjgjldtanes obtained from the same forced expiratory 
maneuver havi^xlyrnl^ed to detect dysfunction of the small airways. 
In contrast to the mere production of cough and phlegm, the 
presence of obstruction may have important impact on morbidity 
and mortality (Fletcher et al. 1976), This subject is reviewed more 
fully elsewhere in this Report. 

The term "occupational bronchitis" has been used more often to 
refer to simple bronchitis than to the airflow obstructive disorder 
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because of the widespread notion that many airborne occupational 


contaminants produce chronic cough and phlegm, hut relatively few 

agents have been found to lead to measurable airflow obstruction or 
to clinically significant COPD CParkes 1982; Casey 1983; Kilburn 
1980; Morgan and Seaton 1384). 

Two related criteria have commonly been used to demonstrate the 
existence of occupational bronchitis in the presence of a specific 
exposure or in a specific workplace. First, occupational bronchitis is 
favored if excessive rates of respiratory symptoms are found in 
workers who have never smoked. The obvious advantage of such a 
criterion is the elimination of cigarette smoking, which is a major 
confounding variable in bronchitis. Unfortunately, this approach 
could fail to incriminate an occupational agent that produces no 
respiratory effects by itself but causes higher rates of bronchitis 
among worketeg-wbo smoke than are attributable to cigarette 
smoking al^^Maond, the entire exposed population—smokers, 
former smokers, qnd nonsmokera—may experience higher rates of 
chronic cough -^nd phlegm production than a similarly constituted 
unexposed (SatBStofatte pulation. If the population of exposed nonsmok¬ 
ers is small’howev^-, only the interactive effects of smoking and the 
occupation%li|i§ij$^f interest may be evaluated. 

This chag^K|jitaKribes the impact of smoking and occupational 
exposures pn the prevalence of simple bronchitis. Examining the 
interaction smoking and hazardous substances, however, 

requires documenting the ability of industrial agents alone to 
chri^*Si^%»ratory disease. The additional or multiplicative 
$gfg88is of cigarette smoking can then be described. Emphasis is 
H 5n evaMajyijjE the nature and quality of data rather than on 

’compiling S*TSS«Pete list of agents putatively associated with 


bronchitis. | 


Coal 



The rot&.-.«fw£Q^l dust in the development of chronic simple 
bronchitis has beep examined (Morgan and Seaton 1984; Parkes 
1982), and fos ftfaai& rv disease in coal miners is discussed more fully 
in a separate chapter of this Report. The specific issue of bronchitis 
and occupa|l§lpf%iposuri? to coal is reviewed briefly in this section. 

EvidencqijSufeBftgts an independent causal relationship for both 
cigarette and coal dust in chronic cough and phlegm 

production (Higgins et al. 1959, Sane and Palaic 1971; Higgins 1972; 
Lowe and Khosla 1972; Kibelstis et al. 1973). In a series of 


community-based studies in England and in the United States 
during the 1950s and 1960s. Higgins and colleagues (Higgins et al. 
1959; Higgins 1972) found an increased prevalence of chronic simple 
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bronchitis in miners and ex-miners, ranging from 1,2 to 6.4 times the 
rates in nonminer controls. 

Lowe and Khosla (1972) studied chronic bronchitis among more 
than 12,000 Welsh steelworkers, about one-fourth of whom were 
former coal miners. Jn the absence of cigarette smoking, previous 
exposure to coal dust increased the rate of chronic cough and phlegm 
production from 5.7 percent in nonsmoking nonminers to 13.6 
percent in nonsmoking ex-miners. Cigarette smoking was somewhat 
more important than previous exposure to coal in producing chronic 
simple bronchitis; 16.6 percent of the nonminers who smoked and 
25.6 percent of the ex-miners who smoked had chronic bronchitis. 
Differences in age among the various subgroups did not account for 
the varying prevalence of symptoms, which appeared to be additive. 

Saric and Pplaic (1971) compared 904 Yugoslav coal miners with 
342 control similar socioeconomic status without occupa¬ 

tional exposur^$pfli|B, and found that cigarette smoking and coal 
dust exposure** were multiplicative in the production of chronic 
simple bronchjK&Xjii^Sthe miners who smoked, 32 percent reported 


chronic coughl 
the controls wK< 
percent of the ; 
simple broncH 
who smoked, 
Increasing 
simple broici 
Kibdatis and: 

study^ 
refwral a L* 

»o«> • 

in 



production, compared with 10 percent of 
id, S percent of the nonsmoking miners, and 2 
king controls. However, the rates of chronic 
ch exposure subgroup, except the workers 
other published rates. 

^exposure increased the prevalence of chronic 
th smokers and nonsmckers in the studies by 
es (1973) and Rae and colleagues (1971). 
groups not exposed to coal dust. Both studies 
effect of cigarette smoking than of coal dust 
onic simple bronchitis, but did demonstrate a 
substantial ccial dust exposure effect. One-third to one-half of the 
nonsmoking coal miners over the age of 50 reported 

chronic cough ari'dh^legm production (Kibclstis et al. 1973). Some¬ 
what lower pr^i^lons (20 to 40 percent ) of the nonsmoking British 
coai miners highest levels of dust exposure suffered 

symptoms of dhWKtSrcough and phlegm production (Rae et al. 1971). 

In summary coal d$st exposure causes chronic simple bronchitis 
independent smoking. Although the effects are additive, 

the effect of stgdyp&jj# somewhat greater than the effect of coal dust 
exposure in pi^oilpm^symptoms of chronic bronchitis. 

Silica ' 

Early studies showed no relationship between silica exposure and 
chronic cough and phlegm production. In 1959. Higgins and col¬ 
leagues (1959) found no increase in chronic simple bronchitis in 
British foundry workers and former foundry workers, regardless of 
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duration of employment, compared with community controls with- 
out dust exposure. In a cross-sectional study. Brink-man and Coates 
(1962) found no difference in cough and phlegm production in long¬ 
term American foundry workers with normal chest roentgenograms 
and control workers with no dust exposures. More recently, Glover 
and colleagues (1980) examined 725 Welsh slate workers and former 
workers and noted no relation between duration of exposure to slate 
% and presence of chronic simple bronchitis independent of pneumoco¬ 

niosis. 

On the other hand, studies of South African gold miners showed 
an association between silica and Dimple bronchitis among smoking 
miners. White miners were compared with age-matched white 
nonmtners in an area where gold mines had a 60 to 70 percent free 
silica content (Sluia-Cremer et al. 1967). Nonsmoking miners report¬ 
ed an 8.2 pebeMkrate of chronic simple bronchitis, which did not 
differ from iAjjjjjPPp^percent rate found among nonsmoking nonmin¬ 
ers. However, 60.5 percent of the miners who smoked had chronic 


cough and 
among the 
peered not 
the effects 

Wiles ar$ 
miners an 
bronchitic 
there was 
ettes. 
ere hdl 
ers w | 
y-flvi 





uction, almost twice the 28.0 percent found 
iners who smoked. Hence, silica dust alone ap- 
symptoms of simple bronchitis, but magnified 

.. g- 

(1977) also studied white South African gold 
that they had an increased prevalence of 
in f he absence of cigarette smoking and that 
Lve effect among the workers who did smoke 
;he nonBmokers with the lowest dust exposure, no 
roBic cough with phlegm, but 15 to 20 percent of 
he highest dust exposures had these symptoms, 
radt of smokers in the low dust category reported 
bronchitic symptorps. Among the miners who smoked, 505 percent 
suffered frlpSiftliik cough and phlegm production, demonstrating 
a simple addiiTveeffect. 

A cros£-s§®ji|pslfi study of 9J1 Swedish long-term foundry workers 
with varyi^-e'xpo^ures to silica was published in 1976 (Karava et al. 
1976). Les&th»»-4 ; . percent of the study population had evidence of 
silicosis on. chest x|ray. Two percent of the nonsmokers exposed to 
lesser amoiSM&fiiust reported simple chronic bronchitis compared 
with 9 percent of|he nonsmokers with high dust exposure, but the 
difference ww^pSmSlsigniricant (p>0.10). However. 16 percent of the 
smokers euwjdLto slight or moderate levels of dust had chronic 
cough and |mfefm%>roduction. significantly less than the 30 percent 
of smokers with high dust exposure (p<001). Foundry dust may 
have potentiated the effect of cigarette smoking. 

In summary, silica exposure appears to interact with cigarette 
smoking to increase the prevalence of chronic bronchitis, at least in 
white South African gold miners. 
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Cement 




i 



A cross-sectional survey of 847 cement workers and 460 controls 
not exposed to occupational hazards found that 19.0 percent of the 
cement workers had chronic simple bronchitis, compared with 9.62 
percent of the control group, using the Medical Research Council 
(MRQ [British Medical Journal 1966) criteria for bronchitis (Kalacic 
1973a, b, 1974). However, the study group had more current smokers 
and was somewhat older than the control group (Kalacic 1973a). The 
nonsmoking cement workers had significantly more chronic simple 
bronchitis than the nonsmoking control subjects: 11.7 and 2 3 . 
percent, respectively (p<.00L). The cement workers who smoked 
cigarettes reported a 21-2 percent rate of chronic simple bronchitis, 
twice the rate of the nonsmoking cement workers. 

An investigation of the relationship between chronic bronchitis 
and occupation '..c,>.qg 14,154 persons in numerous occupations, 
including 344 '-workers (Deutsche Forschungsgemein6chaft 

1978), revealecLfl positive association between the symptoms of 
chronic broncfutisfan| exposure to cement dust only in heavy 
smokers and yfjpgjji^lliibnsmokers. 

In summary, cemegi dust exposure may cause chronic simple 
bronchitis ind$p^|iSit of cigarette smoking. The interaction be¬ 
tween the two is likely to be additive. 



Dosman an 
grain workers 
randomly fro; 
Province, 
age, resulting 
modified MRC 



Is found in grain dust (various cereal grains, 
island pesticides) (Dosman et al. 1979). 


Grain 

^decades cereal grain dust has been known to 
; (Williams et al. 1.964; Kleinfeld et al. 1968), the 
i chronic lung disease and its relationship to 
cigbrette smokfWg'ftWbeen elucidated only in recent years. Compli¬ 
cating factors $MMMMijj^:luded the variety and oveilap of the lung 
diseases associdw^wlfh grain dust (asthma, allergic alveolitis, grain 
fever, and chronj^^Sstructive lung disease) and the multitude of 
potentially tox| 
fungi, mites, in^ 

' colleagues (1980) compared 90 lifetime nonsmoking 
lifetime nonsmoking control subjects selected 
a hospital service plan in the 6ame Canadian 
i and controls were individually matched for 
an age of 30.8 years for both groups. Using 
1 for the diagnosis of chronic bronchitis, the 
investigators found that 23.1 percent of the grain workers had cough 
and phlegm production compared with 3.1 percent of the control 
subjects, an eightfold difference. Among the grain workers, the rate 
of chronic bronchitis rose with duration of employment from 14.3 
percent of the workers with less than 5 years of employment to 35.7 
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percent of the workers with over 20 years' tenure, an increment not 
seen with increasing age among the control workers. 

Other studies of smaller groups of nonaraoking grain handlers 
have been less impressive. Broder and colleagues (1979) compared 
two groups of Canadian grain workers (26 and 39 workers, respec¬ 
tively) with 40 civic workers: all three (groups had never smoked. 
Mean duration of employment was at least 9 years. Symptoms of 
chronic simple bronchitis occurred in 12 and 8 percent of the grain 
handlers, respectively, and in 3 percent in the control workers. Do 
Pico and colleagues (1977) reported that 30 percent of 67 grain 
workers who did not 6moke met the MRC criteria for chronic 
bronchitis. No control group was studied. 

Comparison of 610 grain elevator workers in British Columbia 
with 136 civic w^rk,ers and 187 noncedar sawmill workers (Chan- 
Yeung et al. 198W^^^ no significant differences in prevalence of 
cough or phlegm production among the nonsmckers, However, the 
two control groupe had'^igher rates of symptoms thin the control 
groups from other 

eir colleagues (Colton et al. 1983; Dosman 
1980 study with reports of larger cross- 
,d 1984. Rates of chronic bronchitis in 195 
in workers (approximately 15 percent) 
fetime nonsmoking control workers (about 
those found in the previous study (Dosrran 


Dosman, Cotto 
ct al. 1984) upda) 
sectional studies 
lifetime nonsmo 
versus 195 age-; 

3 percent) were sfrriTl 
ct al.J&gSg. 

Th i&i &^ rBCti0 

re^i^^pme ati 
to chronic simpl 
Rates of chronic 
groups are showi 
than grain dust on 
The combinatioi 



tween smoking and grain dust exposure has 
n. Dosman and others presented data relevant 
itis in an editorial (Dosman et al. 1979). 
th phlegm production in the four exposure 
1. Smoking had a somewhat gteater effect 
valence of symptoms of chronic bronchitis, 
exposures reflected an additive effect of the 
individual expos fater study by Desman’s group (Cotton et al. 

1983) yielded very similar results, with an additive interaction 
between smokin|gg^jj$$&m exposure, albeit each group experienced 
lower rates of chyonic brpnehitia than in the 1979 study. 

Other studies definitive about the nature of the interac¬ 
tion between cigarette ymoking and grain exposure on the preva¬ 
lence of ehronii^iffiin^rei bronchitis, either because they lacked a 
nonexposed control group (Do Pico et al. 1977) or because smoking or 
grain exposure did not show significant independent effects on rates 
of chronic bronchitis (Chan-Yeung et al. 1980; Broder et al. 1979). 
The results of these studies suggest at most an additive effect 
between smoking and grain exposure. 


188 



r 

i 


\ 



http://legacy.library.ucsf.ed iS'tid/ji^07iJ()piQ^|6yiww.industrydocuments.ucsf.edu/docs/zxgl0001 


I 


52614 3915 






TABLE I.—Prevalence of chronic bronchitis in grain- 
exposed workers and controls 


Ejpo*urr |roup 

PrrcnW with chironic WoochiLui 

Morbidity ratio 

Noemofcinf witcot* 

IS 

t 

Noo*motm< fr*in^ripoW worker* 

165 

4.7 

Smokjfcf oc*HroW 

15.0 

7.1 

Smoklhf fnJn-rtpoiMs^ worker* 

XS 

104 
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Potyvlnyt Chloride and Vinyl Chloride 
Polyvinyl chloride (PVC) and related compounds, including vinyl 


chloride monomer aw^jgfoducts of decomposition, have been impli¬ 
cated in asthma et ai. I960), lung cancer (Wagoner 1939), 

and pulmonary fibrosi^ (Mastrangelo et al. 1979; Cordasco et ai. 
1980; Lilia 19B0).f%*~l 

in a series ofesgfc&fee? in the mid-1970s, Miller and Lilis and 


colleagues (Miller et el. U975; Lilis et al, 1976; Miller 1975, 1980) 


evaluated appfOj$H||^tty 900 active or retired polyvinyl chloride 
production workg£&J|mg5ed to a variety of levels of PVC dust and 
vinyl chloride gas Ln tf'r'ee separate facilities. Rates of chronic cough 
and phlegm prc^^^p|Vere 20.4 and 16,0 percent, respectively, 
among the workers if two of the plants, most of whom were smokers. 
Nonsffibiiirs weps^i^nalyied separately for symptoms, and no 
conti^j^iup wruj^tudied. The authors (Miller et al. 1976) stated 
that UMy^evalefcejif chronic simple bronchitis in PVC production 
work^re’ was si^araP^w that found in studies of industrial and 


workers was simnSfr 4 * 
nonindustrial po&ujari; 

Gamble and ctfHhfijpie^ (1976) studied 327 either active or retired 
PVC and vinyl cMg^j^-workers at one plant and found a smoking- 
adjusted prevale^SAtiCferonic simple bronchitis of 2.5 percent. 

Soutar and colleagues (1980) performed a cross-sectional study of 
818 Scottish PVC roat%ifacturing workers, most of whom were 
actively workin&gjkttrijfflshe dust levels were used to calculate a dust 
index. The authors found no relation between dust exposure index 
and prevalence cough and phlegm production. 

In conclusion^ thj studies of the effects of PVC dust and vinyl 
chloride gas an association with symptoms of chronic 

simple bronchitis 


Welding 

Welding entails a variety of methods, materials, and potentially 
. hazardous exposures (Challen 1974; Parkes 1982). Welders may be 
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exposed to irritants such as nitrogen dioxide, ozone, and phosgene, to 
metal fumes such as cadmium, zinc, and iron, and to dusts including 

free silica and asbestos (Parses 1982). Hence, the task of elucidating 
welders' respiratory disorders independent of cigarette smoking, if 
any, and tying these disorders to specific exposures has been difficult 
{Parkas 1982; Morgan and Seaton 1984). 

In an early study, Hunnicutt and colleagues (1964) compared 100 
electric arc welders with over 10 years of welding experience in a 
shipbuilding plant with 100 other workers in the same plant 
Smoking and welding had equivalent effect* on rates of cough and 
phlegm production and the effects were additive. 

Fogh and colleagues (1969) examined 166 welders, mostly electric 
arc welders, and 162 control workers from shipyards and engine- and 
tank-producing facilities. The groups had similar smoking habits and 
similar rate^fr f chro nic simple bronchitis. 

Peters Bt^f§lTfe%ue8 (1923) compared the pulmonary status of 61 
welders, 63fj>ipel)ttere, and 61 pipecoverers from the same shipyard. 
Age (roeanfBOsjieats) and smoking habits of the three groups were 
similar. had radiographic evidence of aiderosia. No 

differences7«tweeh groups in rates of chronic cough were observed. 

In a RouSiAn-Aft study (Barhad «t al. 1975), 173 shipyard welders 
were corap^^^i 100 shipyard workers of other trades, but with 
similar age^fM^fhoking habits, and no significant difference in 
rates of chrjKggftawsf'le bronchitis were obse.ved. 

Antti-Ponca'fndicolleagues (197V) investigated symptoms in 157 

S c ard^^^i without siderosis on cheat x ray and 108 control 
rs frbm^engiheering shops, matched foe age, smoking, and 
clas|. Tftre study workers and the control workers were 
rely mean ages of 36.1 and 36-8 years, respectively. 

Under theimodtfied MRC criteria, chronic simple bronchitis was 
reported li^pPjpwrcent cf the welders versus 14 percent of the 
controls (pd.GlSsisNansmokcrs sod smokers were not. analyzed 
separately 

Oxhoj atm colleagues (1979) studied 119 electric arc welders and 90 
clerks frotr^a'sfup’^rd. The nonsmoking welders and the ex-smoking 
welders rates of chronic cough and expectoration than 

the compal^^^controls (31 and 11 percent, respectively). The 
welders w^M&pg^d experienced the highest rates of symptoms (77 
percent) compared 1 with the controls who smoked (43 percent). 
Hence, welding had an approximately equivalent 

ability to produce chronic simple bronchitis and the effects were 
additive. 

In conclusion, chronic simple bronchitis has been related to 
welding apart from smoking habits in some of the studies reviewed. 
Smoking and welding have produced additive rates of respiratory 
symptoms in those studies that have shown an effect. 
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Sulfur Dioxide 

Archer and Cillam (1978) compared 953 copper smelter workers 

and 252 control workers drawn from a nearby copper mine mainte¬ 
nance shop. With the smokers and nonsmokers combined, symptoms 
of chronic simple bronchitis were noted in 15.8 percent of the smelter 
workers compared with 9.5 percent of the control workers (p<.05); 
the smelter workers smoked slightly more than the control workers. 
Smoking was more important than the sulfur dioxide exposure in 
causing symptoms of cough and phlegm production, and the effects 
of the two factors appeared to be additive. 


Other Exposures 
Rubber curingssit 


infers had a 25.8 percent rate of chronic cough 
and phlegm production versus 14.3 percent for the controls (p< .01) 
(Fine and The difference between nonsmokers was not 

significant (5.9^^} percent in controls and workers, respective¬ 
ly). However, th» diffidence between smokers was significant (17.4 
and 29.2 perdrnt fp controls and curing workers, respectively, 

P 55 - 03 ’- I ft. 

In a compaj son 
workers of s 
bronchitis w; 

AntdttS'Ihe r 


312 coke ovensmen with 464 other coke 
;es (Walker et al 1971), chronic simple 
in 32 percent of the smoking ovensmen 
e other coke workers who smoked (p<-02). 

rs, 9 percent of the ovensmen noted these 
th 6 percent of the other coke workers, on 
insignificant differenc^. Hence, coke oven exposure potentiated the 
bror.chitic effe-lPEiilking. 



Summary and! 



1. Chronic ^fh'^Ti‘''bTonchitis has been associated with occupation¬ 
al exposur^j^Lb^th nonsmoking exposed workers and popula¬ 
tions of exfraisa smokers in excess of rates predicted from the 
smoking iferfsi&ssiione. Among these exposures are coal, grain. 
Silica, the winding environment, and to a lesser extent, sulfur 
dioxide uiwTafaiMit 

2. The evidence indicates that the effects of smoking and those 
Occupational agents that cause bronchitis are frequently addi¬ 


tive in producing symptoms of chronic cough and expectora¬ 
tion. Smoking has commonly been demonstrated to be the more 
important factor in producing these symptoms. 
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Introduction 

Cigarette stnoke and asbestos are agents with well-documented 
risks associated with exposure. Large numbers of individuals have 
had exposure to either or both of these agents sufficient to generate 
significant excess death and disability. The focus of this review is the' 
effects of combined exposure to asbestos and cigarette smoke. The 
literature that establishes the causal nature of the risks associated 
with each of these exposures and the nature and extent of the 
disease that can occur is extensive, and has been reviewed Ln detail 
elsewhere (US PHS 1964; US DHEW 1979; US DHHS 1980, 1981, 
1982, 1983, 1984; Selikoff and Lee 1978; Ontario, Royal Commission 
1984; NRC 1984). However, populations with asbestos exposure 
commonly hayg coincident cigarette smoke exposure, and the 
magnitude of thVuisk; of lung cancer and chronic lung injury- 
produced by 'Viecessitotes a careful examination of the 

smoking habite'of asjjestos-exposed workers in order to define the 
risks of isolatedpih4^omtiined exposures. 

A number ofjgggj|j|j§ns or diseases known to be associated with 
smoking, asbestos," orbpth. including mesothelioma, heart disease, 
pleura! plaques, t«4y«rjit reproductive outcomes, and cancers other 
than lung, are pot^l^Sjflsscd here; the focus of this chapter is lung 
cancer and disease. the disease processes for which the 

largest amountj^fif^d;^ on the effects of combined exposure is 
available. P 8B T“ 



AsbpgSSgf- Expopgt^Popul a tion s 

cigarette smoke and asbestos appears to be 
tin inescapable consequence ofli ring in the urban U.S. environment. 
The relatively oWSiptefient nature of cigarette smoking as a social 
phenomenon roakeif'atdeast incidental exposure to cigarette smoke a 
universal experie^^^md the digestion of lung tissue from individu¬ 
als with no kno^rwheSos exposure commonly reveals low concen¬ 
trations of asbe^toe-bod^es and asbestos fibers (Churg and Wamock 
1977, 1980). It [is technically extremely difficult to establish the 
presence or absifgjgM^n effect in populations who have had no 
exposure to asbestos otljer than the levels in ambient air or who 
have not had jjS$iipl^§e exposure to smoke through active or 
involuntary smakini.Hs wever, it is generally accepted that these 
extremely low ijgiie%#pdi5ures do not substantially alter the occur¬ 
rence of lung cancer or chronic lung disease in the general 
population (Ontario, Royal Commission 1984). 

The same statement cannot be made for individuals with repeti¬ 
tive low dose or indirect exposures to either of these agents, however. 
Evidence continues to accumulate that shows that nonsmokcr 
exposure to environmental tobacco smoke may carry with it an 
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ipal varieties of asbestos 


twoM^ifed rpg§S£$|||i:.- cKncer (IAKC. i« prK3). The exposure of the 
wives anJ c hild:.eti..$ f asbestos workers to asbestos on work clothing 
and in llic KsIluFlinviroiiment is bought to fcc associated with an 
increased riak^^^ftoaotholiooia and possibly other diseases (Selikolf 
and Lee ISfSL^fceirtsk from these low dose exposures is smaller 
than the ns^Jor j^ividuaU directly exposed to these agents (active 
cigarette smokers e|)d workers occupationally exposed to asbestos 

"Asbestos*^ refers; to a specific group of fibrous silicates, the 
principle vH^p|l^e| which are listed in Figure 1. Commercial use of 
asbestos ste^s^agi^ts qualities of resistance to heat and acid and its 
ability to b^WcWfninto fabric (Zoiitar and Wylie 1979). Commercial 


"Asbestos*! refers.; to a specific group of fibrous silicates, the 
principle vR^^|l^e| which are listed in Figure 1. Commercial use of 
asbestos ste^s^agidts qualities of resistance to heat and acid and its 
ability to ba^woSen into fabric (Zolitar and Wylie 1979). Commercial 
products known as asbestos differ in the configurations and dimen¬ 
sions of their fibers as well as in their chemical makeup and 
crystalline structure. These properties determine, in part, the 
deposition patterns of fibers in the respiratory tract and the 
mechanisms whereby the fibers interact with the cells of the lung. 
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The asbestos minerals are classified according to structural 
features into two groups, serpentine and amphlbole. Chryaotile, a 
serpentine (white asbestos), comprise:! pliable, curly fibers that are 
formed individually from fibrillar subunits. Layera of linked silica 
tetraHedra alternate with layers of magnesium hydroxide octahedra 
to form long, hollow, scroll-like structures. Chrysotile accounts for 
approximately 95 percent of the world usage of asbestos today. The 
major producers are the Soviet Union and Canada. 

The amphibole types of asbestos (crocidolite, amosite, tromolite, 
actinolite, and anthophyllite) are generally made up of straight, 
needle-like fibers consisting of strips of silica tetrohedra linked by 
one or more cations (calcium, sodium, magnesium, and iron). The 
mineral namet-^re often distinguished by adding the modifier 
asbestos after the nfeihS for those minerals that may occur both as a 
fiber and not a$P : fibcr. In this text, crocidolite refers to asbestiform 
site^efers to asbestiform grunerite. In the United 
ifio a lesser extent, crocidolite were widely used 
imercial importance has decreased dramati¬ 
zes (Craighead and Mossman 1982). The 
Jctinolite, and nnlhophyllite are minor con- 
ysotile and industrial talc products, are 
orm and nonabestiform types, and are' not 


-iehtcrite and 
States, amoaiteia 
in the past, hut| 
tally in the last, 
anphiboles trei 
taminanLs of 
present in both; 



produced for use. 

The occupations land] industries in which the major mortality 
ocud|®ii3i asbeJ^l^Pled workers have been conducted are pre- 
roups not described in this table, but for whom 



icern about substantial asbestos exposure, 
uilding and demolition trades and m&inte- 


ceta exposed U> asbestos in the United States 
dated, but a detailed review by Nicholson 
■gnated that 18.8 million workers have had 


sent 

tlwrkJaLepnside 
jrfnuoe worker 
nance workers. 

The number oT'-wqr* 
has been variously 
and colleagues (| 
more than 2 months of exoosure. in occupations where significant 

Aw.v.'.'-.'wyv 

asbestos exposure may nijve occurred. 

An earlier this Report documents that age and 

occupation are ass^iabed with substantial differences in smoking 
behavior. These would be expected to substantially alter 

lung cancer and chronic Jung disease mortality; therefore, a careful 
examination of habits of esiiestos-exposed populations is 

needed in order to interpret the data on mortality and disease 
incidence and prevalence reported in the literature. Table 2 presents 
the smoking habits of asbestos workers from a number of studies of 
asbestos-exposed populations. In most of the studies of asbestos- 
exposed populations, approximately 70 to 80 percent of male asbestos 
workers smoked. In some subsets of workers, well over 90 percent of 
^ the individuals were current smokers or had smoked in the past. Li 
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and colleagues (1983) showed lower rates of smoking among shipyard 
workers in South Carolina. Only 42.9 percent reported that they 
were current smokers, and 24.8 percent had ceased smoking. This 
decline in smoking found in the United States is not evident in 
studies of asbestos workers in Great Britain. 

Lung Cancer 

Cigarette smoking is the major cause of lung cancer in the U.S. 
population considered as a whole (US DHHS 1982). Among US. men 
ag&d 60 to 70 (the group most commonly examined in occupational 
mortality studies), over 10 percent of the deaths were due to lung 
cancer in 1977 pdcKay et si. 1982). The prevalence of smoking and 
the percentage oTd^ath^due to lung cancer vary substantially in the 
studies of asbe^g^Sp^ed populations reported in the literature, 
but in the largest study (Hammond et ai. 1979) of heavily exposed 
workers with a pigb^KP^kmg prevalence (82.3 percent), 21.4 percent 
of the deaths lung cancer. 

The high inifraferiMHbf lung cancer in both asbestos-exposed 
workers and thas^J^S-ipopulation. together with the potency of 
cigarette Bmok&ig|W'determining lung cancer risk, makes the 
determination oP8wf§ai|king habits of asbestos-exposed populations 
essential to anjjrjjyahl^tion of lung cancer. Ths prevalence of 
smoking varies jrraTpSjfy among men born in different years of this 
centucy, s hetweto s , s ^^ollar and white-collar workers (see the 
chafer oh s mo km g p at tims], and among the populations of asbestos 
worl^i^tudied'^^he literature. In particular, men born between 
S$Wp#8fif|S>30 Hs&gN^M’er prevalence of smoking than men born 
earlier; men boi4i 'after1930 have had lower prevalences of smoking 
at any given agi|$$s&$|e men born between 1910 and 1930. Levels 
of asbestos exposurlnhave also not been constant with time. Since the 
recognition of ttralgSHrlfts of asbestos exposure, improved control of 
asbestos dust Hfes-"Tetfttee the levels of asbestos In mines and 
manufacturing ipia»&*-^ind. more recently, in other areas where 
asbestos exposure may ajso occut. These temporal trends of smoking 
prevalence and ^^^^dust levels result in complex relationships 
between cumula|ive asbestos dust exposure and cumulative smoking 
exposure. The c^Sl^Wjrkers (those born before 1910) may have 
higher cumulattvejwlg&tas dust exposure at any given age than 
younger workeffirTrcn?®wiU have a lower smoking prevalence. 
Workers born between 1910 and 1930 1 are likely to have both n 
higher smoking prevalence and a higher cumulative asbestos 
exposure at any given age than workers bom after 1930. Therefore, 
in many studies of currently employed asbestos workers, cumulative 
asbestos exposure will be somewhat correlated with smoking preva¬ 
lence, and biased estimates of dose-response relationships with 
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asbestos may result. These associations between asbestos exposure 
and smoking must be considered when examining the literature: and 
are particularly important when drawing conclusions from studies 
that either do not control for smoking or control for smoking 
inadequately. For these reasons, this discussion is limited largely to 
those studies that have provided data on the smoking habits of their 
populations. 

Examination of the relationships among smoking, asbestos expo¬ 
sure, and lung cancer includes consideration of a aeries of separate 
questions Does asbestos exposure exert an effect in the absence of 
active smoking exposure? What are the effects of combined expo¬ 
sure? Is there a threshold of exposure below which no effect occurs? 
What happens to the risk following smoking cessation and after 
cessation of ndw^asbest03 exposure? 

Lung Caneefrfn' Nonsmoking Asbestos Workers 


evyn further 
for 


Lung Canee£»tfi Nonsmoking Asbestos Workers 

The most dijpgct wa^ to demonstrate that asbestos exposure results 
in an increas^.^^ t ^neer rtsk independent of cigarette smoking is 
to monitor dij^^TOurretvoe in asbestos-exposed individuals who 
have never sniske{k|eigarettes regularly. However, because lung 
cancer is a r^Iab'imy^rare phenomenon in people who have never 
smoked cigat^i#^%i among asbestos-expo&ed populations, a large 
population ofytgn&mdcsrs is required before a statistically signifi¬ 
cant nuinberrSff^aSjs would be expected. The relatively high 
pre^J^tce in asbestos-exposed populations decreases 

ev^n'further tnehufiiber of nonsmoking asbestos-exposed workers 
a^^^e for making the evaluation of risks for the nonsmok- 

$(^£M|cult. |$y$^nple, no lung cancer deaths were identified 
among the ncfnsmokei's in the original cohort of asbestos insulation 
workers repor|pi&p§|Ukoff and colleagues (1968). 

Some authors ha^e attempted to increase subject numbers in the 
nonsmoker ca.t^gdf^fiy combining ex:-smokers or light smokers with 
never smoker^&hit'e^al. 1980). However, the risk of developing lung 
cancer remaibs'-elewated in ex-smokers compared with nonsmokers 
for at least 10 to 15?years after cessation, and the excess risk is 
proportionate|^^i^imount smoked (US DHHS 1982), Smokers of 
less than 10 cigarette^ per day have less risk than heavy smokers, 
but the relatifPPPP^r 1’ing cancer in these light smokers compared 
with individu&I^.wb» i |iave never smoked regularly still varied from 
2.3 to 9.5 in tfn®ffrap)i prospective studies on Bmoking mortality CUS 
DHHS 1982). Thus, combining people who have never smoked with 
ex-smokers and light smokers is inappropriate and may introduce 
bias when the effects of asbestos exposure alone are being assessed. 

Several studies have examined populations large enough to 
address the question of the risk oT asbestos exposure in individuals 
who have never smoked regularly Hammond and colleagues (1979) 
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less than 10 ihgareti 
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examined the mortality experience of the 17,800 members of the 
International Association of Heat and Frost Insulators and Asbestos 
Workers who were alive on January l, 1967. This group was followed 
to December 1976, and the mortality of the 12,061 worker* more 
than 20 years after onset of exposure was analyzed. Of this group, 
smoking histories were available for 8.220, of whom 6,841 (83.2 
percent) had been regular smoker* at some point and 891 (10.8 
percent) had never smoked regularly. Of the 891 workers who had 
never smoked regularly, death certificates indicated that 4 died of 
lung cancer. The expected number of deaths was calculated from the 
mortality experience of a population of blue-collar workers who had 
never smoked regularly, drawn from the American Cancer Society 
(ACS) prospectjvejnartftiLty study of 1 million men and women. The 
resulting expecte^f^%ib«r of lung Cancer deaths of 0.7 and the 
observed number of < yielded a relative risk for asbestos exposure of 
5.33. When IhegdeathS^ere classified according to the best estimate 
of the cause of|deawfe)m all available data, rather than from the 
death certifical$r®im#lf& one additional case of lung cancer was 
identified in a wa*keyg|io had never smoked regularly. 

Selikoff, Seid|hanl%hd Hnmmond (1980) reported the mortality of 
933 men who in an amosite asbestos factory between 

June 1941 and $gggmh<pr 1945 . Of these men, 78 (8.4 percent) were 
known to have ^v^OToked regularly; the death certificates of 5 of 
this ero^p Ustej^^igs^incer as the cause of death. When the best 
eetimaSe'of cause'otdeVth was used, only three men were believed to 
havl^^il of lujif^ancer. The expected number of deaths was 0.2, 
bSM&Sbalthe Af ^j&BBKfe iitv study. This led to a relative risk of 25 
(5/0.2) for workers who lad never 6moked regularly. 

McDonald aiwjpHtiegues (1960) examined the mortality experi¬ 
ence of Quebec aslx^tgis miners and millers and reported a dose— 
response relati^fsp between cumulative asbestos exposure and 
lung cancer in rfonsmoktrs. They compared the standardized mortal¬ 
ity ratio (SMRj/for'Tung cancer in miners whe had never smoked, 
using the mortality rata)? for the Province of Quebec, which are based 
on both smokeWimrlionsmokers. The SMR increased from 0.1B 
among nonsrool^fesj^ers with less than 30 million particles per 
cubic foot times yea|s (mppcf.y) of exposure to 0.36 in miners with 20 
to 299 mppcf»ysgjR:Sg^^iire and 1.24 in nonsmoking miners with 
more than 300 tnppcf*y Of exposure. There were 19 lung cancer 
deaths among nonsmoking asbestos miners. These authors (McDon¬ 
ald et a(. 198Q1 also performed a case-control study of the 245 miners 
who had died of lung cancer The distribution of cumulative asbestos 
exposure among the 20 nonsmoking miners with lung cancer and 20 
nonsmoking control miners matched for year of birth and smoking 
status was examined, and the relative risk for lung cancer was found 
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to have increased from t in nonsmoking miners with less than 30 

mppcf»y to 10 in nonsmoking miners with more than 1,000 mppcf»y. 

Liddell end colleagues (1984) reexamined the same population of 
Quebec asbestos miners after recording their smoking history by 
pack-years of exposure. They identified 223 cases of lung cancer in 
men who worked in the asbestos mines and mills of Quebec for a 
month or more before January 1967 and who were followed to the 
end of 1975. The controls were selected from men in the same cohort, 
bom in the same years as the lung cancer eaaes, but still living. 
Never smokers represented 23 of the 223 lung cancer cases and 201 
of the 715 controls. The relative risks {RR' were calculated on the 
basis of the mortality experience of the entire asbestos-exposed 
population fwhole population RR, 1.0). and the risk in even the most 
heavily exposed gpiismokers was still lower than the risk in the 
entire popdyt8j$»iir%/hich included both tmakera and nonsmokera. 
The RR fo^ lung^ cancer increased from 0.19 in the nonsmoking 
miners whdf ; had,.experieneed a cumulative exposure of less then 100 
fibers per m^^t^^imes years ((f/mL)y) to 0.37 for three with 101 to 
1,000 (f/mLily ana 0:87 for those nonsmoking miners with over 1,000 
natrating a dose-response relationship with 
exposure for lung cancer in the workers who 
jgularly. 

les (1972) conducted a retrospective study of the 
ty in more than 1,300 male end 480 female 
jikers over a 10-year period and compared their 
e'national lung cancer rates (Table 3). The national 
were converted to sr.ioking-specific rates by 
factors from the study of mortality of British 
physicians by smoking status (Doll and Hill 1964) in order to develop 
smoking- 3 numbers. of deaths. No lung cancer deathj 
were recorriwfc'nyarig the men who had never srnoksd, and only one 
lung cancerajsSpSt was recorded among the women who had never 
smoked. Thi-'^xpectid number of deaths was also very low, and so 
even a singlb'd*wtW..;vaj greater than expected, and it occurred in the 
group of women wi^h heavy asbestos exposure. The women in the 
highest «i,re category who had never smoked had 3.5 
times the number o£-subject years at risk when compared with men 
in the category (1,404 to 399) owing to the higher 

prevalence d(..^ygf;$moker status among women in the study. This 
difference icpwlniB@f of individuals at risk may have contributed to 
the demonstration of a lung cancer death among nonsmoking women 
but not among men. Subsequently, Berry and colleagues (1985) 
followed prospectively 1,253 male and 423 female asbestos factory 
workers from the same plants. Smoking habits were determined in 
1971 at the 6tart of tne study, and the population was fallowed 
through 1980. The expected number of lung cancer deaths was 
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calculated from the death rates for England and Wales multiplied by 
the lung cancer SMR for greater London, and an adjustment for 

smoking status was made using the data from the mortality study of 
British physicians. Observed and expected numbers of lung cancer 
deaths by smoking status and level of asbestos exposure are 
presented in Table 4. One lung cancer death occurred among the 
men who had never smoked (0.1 expected) and three lung cancer 
deaths occurred among the nonsmoking women (0.2 expected). 

Meurman and colleagues (1979) reported 1 lung cunccr death lof 2,'i 
total lung cancer deaths), a nonsmoking male antbophyllite miner 
Acheson and colleagues (1984) also .“ported 1 death frum tunt 
cancer among the nonsmokers employed in un amositc rrumutaclur 
ing factory, with an expected number of 1,1 However, the exjxx U-ii 
number was calculated Trom age-sjtccifn population iau^ (.!■••• 
included hoth •snt Bkiffi ; and nonsmokers rather than from the taler 
for a populatiSalsT : fiSnsmokers Each of these studies supports an 
increased riskrior lung cancer in nonsmoking asbestos workers, hut 
the condusionl > ar.®,bai|ed on a single death in a population. 

In $ummar^^^idetice that asbestos exposure results in an 
increased lung cancel^ risk in the absence of cigarette smokinc is 
r of cases, but has been confirmed in several 
f asbestos workers. The high smoking preva- 
rs introduces the possibility that environmen 
increase the risk of lung cancel among the 
rly if the synergism demonstiated between 


based on a sm; 
different pop 
lence in asbes 
Lai tobacco fin 
nonsmokers, 
ac 

evl^encit sup 




IjmokiriE^d^gsbestos exposure pertains to environmental 
ismokl'jj^ well. In spite of these concerns, the available 
fethe conclusion that nonsmokers with subslantiol 
jjggggkxposure are at increased risk of developing 
iung cancer and that (he risk increases with increasing cumulative 
asbestos ext 


Lung Cancei^pPnSlglarette-Smoking Asbestos Workers 

The risk of king canber in cigarette smokers has been examined in 
8 number of albestos^ixposed populations, and the increased risk of 
lung cancer in^mgk^, coupled with the high prevalence of smoking 
in many of thUsix^Sulations. has generated substantial numbers of 
lung cancer d^W^ssfe*? analysis. These populations differ in smoking 
habits, type ofastpstol and duration and intensity of exposure, type 
of activity tha|^y|S§i in exposure, and duration of the followup of 
the population. 

A number of authors have compared the lung cancer rates in 
asbestos-exposed populations with the rates in control populations 
(Table 1). This approach can establish an excess mortality in a 
papulation, but may not identify the causes of that excess. To 
establish a causal link between an exposure and lung cancer, specific 
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criteria must be applied to the entire body of information available 
on the exposure. This approach has been carefully and comprehen¬ 
sively followed for both cigarette smoking (US DHHS 1982) and 
asbestos exposure (Selikoff and Lee 1978), and the evidence is 
sufficient to establish a causal role for both of these agents in 
producing lung cancer. This section confines itself to an examination 
of their interaction. 

Selikoff and colleagues (1968) were the first to demonstrate 
increased lung cancer risk among asbestos workers in an investiga¬ 
tion that assessed smoking habits. In a group of 370 asbestos 
insulation workers, none of the 48 workers who had never smoked 
regularly or of the 39 workers who smoked only pipes or cigars 
developed lung cancer. Of the 283 cigarette-smoking workers. 24 died 
of lung cancjer during the 4 years and 4 months of the followup 
period, althoo^vasbf 2.98 lung cancer deaths were expected on the 
basis of smo^gpfpl&fic death rates. 

A more expensive evaluation of the risk of cigarette smoking for 
asbestos insulation-i%>rkers was provided (Hammond et al-1979) by a 
prospective 4Ka&|a|ign of the 17,800 members of the International 
Association m neat' and Frost Insulators and Asbestos Workers 
Ihis population, 8.220 workers were more than 
onset of asbestos exposure and had a known 
■-lour percent of this group were cigarette 
yjf the study. The comparison group was drawn 
of 1 million men and women, and consisted or 
i no more than a high school education ar.d not 
tiers? but with a history of occupational exposure to 
ijrs. gases, chemicals, or radiation, who were living 
snd were traced thereafter. The control group 

_followed only Until September 30, 1972, and the asbestos 

workers wer'^^iS^fed through 1976; therefore, the lung cancer 
death rates in flt^pntrol group were adjusted upward to reflect 
changes in national mortality experience for lung cancer 

during the time period of differential followup. 

There wer^tltlSShipaths among workers more than 20 years after 


discussed earj 
20 years beyond 
smoking stajf 
smokers at t 
from the Ai 




onset of ex 
percent) dea 
cause of dea 
deaths. Figu 
nonsmokers 
with the mo 



ose smoking habits were known; 314 (23.6 
due to lung cancer, using the best estimate of 
certificate data indicated 272 lung cancer 
rays the mortality ratios for smokers and 
ntrol and the asbestos-exposed populations, 
ftyratio of nonsmokers in the control group set at 1. 
The lung cancer death rates increased from 11.3 per 100,000 among 
nonsmokers in the control group to 58.4 in the nonsmoking asbestos 
workers, 122.6 for smokers in the control group, and 601.6 for 
smoking asbestos workers The lung cancer relative risk with 
combined exposure (5324) is far larger than the sum of the 
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individual risks for cigarette smoking and asbestos exposure sepa¬ 
rately, and is quite close to the product of the separate mortality 
ratios (5.17 and 10.85) together. 

Accurate data on the intensity of asbestos exposure for individual 
workers (dose) were not available for this group of insulation 
workers, and so an asbestos dose-response relationship was not 
examined. Dosage data were available for cigarette smokers in this 
population, however, and the ratio of observed to expected lung 
cancer deaths (with the expected deaths calculated from the rates in 
nonsmoking non-asbestos-exposed controls) increased from 5.33 in 
asbestos workers who never smoked regularly to 7.02 in pipe and 
cigar smokers, 36.56 in ex-smokers, 50.82 in smokers of fewer than 
20 cigarettes per day, and 87.36 in asbestos workers who smoked one 
pack or more per day. 

Interaction between 6moking and asbestos exposure in the devel¬ 
opment or lung&pt&i!; has also been explored in other populations. 
In some stuipk' the numbers have been too small to clearly 
differentiate t^tweensgan additive and a multiplicative effect with 
combined ex pqisuf^ "however, the data have been consistent with an 
affect that is|;SlliiiS§t more than additive. This interaction of 
cigarette smoking aniasbestos exposure has been demonstrated in 
asbestos factorji^li^rers (Berry et at. 1972, 1985), Quebec miners and 
millers (McDoii »fe&as| l. 1980; Liddell et al. 1984), amosite asbestos 
factory workers (Selikoff. Seidman. and Hammond I960) and Finn¬ 
ish anthophylliiSi^^rs and millers (Meurman et al. 1979). 

A dose-response; relationship between cigarette smoking and lung 
ta^i^Pni the ^^wi^^opulation has been readily demonstrated in a 
nujiftb^lof proqg&ttive mortality studies (US DHHS 1982); however, 
do fiffiaac onse frei gitipns hiDs for asbestos exposure and lung cancer 
nave Been m o renuft&d t to establish. The carcinogenicity of asbestos 
may vary withyj&fetajsie of asbestos, and possibly with the length or 
diameter of tlw'^er.‘ i There are also potential differences in the 
carcinogenic risk.- 1 »$|§fc‘iated with the different stages and processes 
of converting psKasto^ from the raw mineral in the mine into a 
finished manufagtujed product. As a result, It is difficult to classify 
the asbestos exposureW different study populations with a single 
measurement ^^IjsjMsShtifies the carcinogenic dose. Even if such a 
scale were agreed upon,, actual measurements of asbestos dust levels 
in the work eii^^^^nt are often not available. Measures of dust 
exposures for mdi|iduil workers are even les3 frequently available. 
The quantific4^l^a^sbcstos dust exposure has frequently used 
estimates of likely exposures based on work conditions and job 
classification, rather than actual measurements of asbestos dust in 
the air, because of the absence of these measurements for most 
workers. This leek of information has been particularly problematic 
for worker's employed more than 20 years ago, a gToup now at high 
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correlated. Older employees worked under conditions of much higher 
asbestos exposure than their younger counterparts, and these same 
older cohorts probably also had higher prevalences of cigarette 
smoking, as described in the chapter on smoking patterns by 
occupation. Confounding between cumulative asbestos exposure and 
cumulative cigarette smoke exposure may result when dose-re- 
sponee relationships between cumulative asbestos exposure and lung 
cancer are examined without a control for differences in smoking 
habits among the different asbestos exposure groups. 

Berry and colleagues (1972) examined dose-response relationships 
in a population of 1,300 male and <30 female asbestos factory 
workers in Great Britain. Workers were categorized as having low' to 
moderate asbestos exposure or severe asbestos exposure, and the 
expected number of lung cancer deaths was calculated from stand¬ 
ardized mortality rates for lung cancer for the greater London area. 
An adjustment‘*f<^,,jGigerette smoking statue, derived from the 
mortality *md&^@§fftish physicians by Doll and Hill (1964), was 
used to estimate rates for smokers and nonsmokers. The results are 
presented in small number oflung cancer deaths makes 

interpretation *o.^-^t»t difficult, but it appears that the increased 
lung cancer dasHi rite is limited to smokers with severe asbestos 
exposure. 

McDonald ahd yjleagues (1980) examined Quebec miners and 
presented tvid^crsMfea dose-response relationship between cumu¬ 
lative esbeslos CiSpQSMf and lung cancer risk in the smoking miners. 
They cotaparet^Bi^wf^ cancer mortality rates in the Quebec miners 
with.jfeg morfor the Province of Quebec. Table 6 shows 
ihdfSmfts for lSm&w'Hfcer in miners by level of cumulative asbestos 
expMi^e and jlfejlring habits. Heavy smokers consistently had 
tH^g^rjg^rate smokers at the same level of cumulative 
asbestos exposure, arid the SMPs increased with increasing cumula¬ 
tive expoaure tt> -fcMajpSns in each of the smoking categories- Using 
the same populationsoi miners, these authors conducted a case- 
control study oC;&tlrTUng cancer victims and a similar number of 
control minerspnatchef for smoking habits and year of birth. The 
distribution of Cumulative asbestos dust exposure was examined, and 
the results in 'cigarette smoking miners showed an increase in 
relative risk w^jgjgggj&sing cumulative exposure. The relative risk 
of cigarette smbkers in,the lowest exposure category {<30 mppef-y) 
was aet or l.Q.|iadi:i)S| relative risk increased to 1.12 at 30 to 300 
mppcf»y of exjjosijre, |.58 at 300 to 1,000 mppcf«y, and 1.99 at 
> 1,000 mppcG^^oxbssure 

A more quantitative description of the smoking habits of the same 
Quebec miners was provided by Liddell and colleagues (1984). Their 
data are presented in Table 6. The dust exposure measurements 
were made as particles per cubic foot with midget impingers, and 
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TABLE 5.—Deaths from lung cancer in relation to dust 

exposure and smoking habit 



SoH>Un( lubit 


Du*t eirpcmure tuppcfxyl »ccuiaul«£e4 W> ift 

45 


<* 

30-2M 

2 JOO 

A/1 

0 

SMR 

0 

SWft 

6 

SHK 

0 

SMR 

Ncwwixikm 

5 

0.16 

4 

0 2K> 

9 

\2* 

19 


ModtraU fta»ofcert 

13 

l.u 

64 

UK. 

92 

Ul 

1*9 

141 

Hear? (tooker* 

13 

2.12 

11 

xs 

10 

4J» 

n 

us 

AJf «woki«* Wmi* 

*1 

0» 

61 

ua 

70 

125 

542 

1-23 


source uM+n « cm* > 

Uidividu ri^Hw j&res were calculated on the basis of the work 
histories Said the measurements of impinger dust counts in the work 
environm$mt be%een 1949 and 1966. These counts were then 
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per mL- Two hundred and twenty-three cases of 
dentified and matched to 715 controls born in the 
ntrol analysis was conducted. As is shown in 
Uve risk of developing lung cancer increases with 
exposure category for each of the cumulative 
Ties. The analysis also suggests that the interaction 
smoking and asbestos exposure is greater than 


that have examined thy question of a dose- 
for asbestos exposure and lung cancer in the 
control for cigarette smoking have shown an 
ung canter as asbestos exposure increases. This 
response relationship for asbestos exposure and 
ist, and that it is not explained by differences in 


The question whether a level of asbestos exposure exists below 
which an does not result in an increased risk of lung cancer 

is one that technically extremely difficult to answer and 

extremely ^^fnimt to those required to make policy with regard to 
asbestos exjg«u|r*^purrent understanding of carcinogenesis and host 
defenses agamiccaticer are not advanced sufficiently to allow either 
the acceptance or the rejection of a threshold. It is common practice 
to assume a linear relationship between the dose of a carcinogen and 
the development of carcinoma, and to assume that the dose-response 
relationship does not have a threshold. The linear nonthreshold 
model allows the extrapolation of data obtained for higher exposures 
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TABLE 6.—Risk* of lung cancer, by cigarette smoking and 
asbestos exposure, relative to all 223 cases and 

715 referents for whom smoking histories were 

reliable; unmatched analysis 
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. This extrapolation is substituted for the 
.!large populations that would have to be 
onstrate the small expected excess risk 
e. Such models are particularly attractive for 
n epidemiologic data are limited or absent, 
ow^ver. minimal exposure to cigarette smoke 
nearly universal experience in urbanized 
large population exposed, more careful 
;hle evidence on the risks of these exposures 

SSSf^' 

is necessary. 

The number ofe-mg-arettes smoked per day by an individual is a 
readily available measurpijof the dose of smoke exposure in the active 
cigarette smoker;|^^@SOTei it has been possible to examine relative¬ 
ly completely th^dostjj£gsponse relationship for cigarette smoking 
consistent increased risk for lung cancer 
owest category of number of cigarettes 
major prospective mortality studies on 
smoking (US DHHS 1982). In the study of U S. veterans (Kahn 1966). 
a relative risk for lung cancer of 3.77 was demonstrated in those who 
smoked only occasionally compared with those who had never 
smoked regularly (the relative risk for those who smoked 1 to 9 
cigarettes per day was d.07 compared with those who never smoked 
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regularly). It aeenjs clear that for the active cigarette smoker there is 
no safe cigarette and no safe level of cigarette smoking (US DHHS 
1982). Furthermore, recent data (IARCi in press) suggest that 
repetitive exposure to environmental tobacco smoke may be accom¬ 
panied by an increased risk of lung cancer, thereby suggesting that 
the dose-response relationship may extend even to those individuals 
who do not actively smoke cigarettes. 

The quantification of asbestos exposure is far more difficult. One 
method is to quantitatively estimate the number of asbestos fibers in 
digested lung tissue. Asbestos fibers are demonstrable in the lungs of 
the majority of urban dwellers (Churg and Warnock 1977); however, 
the number of fibers per gram of lung tissue in urban dwellers 
without known asbestos exposure is usually several orders of 
magnitude below that found in occupationally exposed workers, and 
the type of'ssbeslos varies as well. Churg and Wsmock (1979) 
assessed thc.urisba asbestos exposure as a risk factor for lung cancer 
by compariS^ the number of asbestos bodies in 103 patients with 
lung cancer^eornga^fed with the number in control patients matched 
for age, se 
differences 
were found 
population, 
increase th< 
number of 
a small cffi 
^foundi 
'jn eva ! 
si of t 
ris 

with the ex: 
general pop! 

the nskestcs^xp^i^ populations have even modestly lower lifetime 
smoking ratg^&lie qffect of asbestos exposure may be masked. This 
bias is of particular importance at the relatively low levels of 
asbestos ex(#6sure v «K which the effect of cigarette smoking would be 
expected to predominate. Thus, in interpreting standardised mortali¬ 
ty ratios apMow 1, careful consideration roust be given to 
confoundinfc^sljhfe^moking habits of the workforce before conclud¬ 
ing Chat tHei|weTI of asbestos exposure experienced by these 
populationsresult in an increased lung cancer risk. In 
addition, modest differences in the number of cigarettes smoked per 
day or the age of initiation of regular smoking between the exposed 
population and the population from which the SMR is derived could 
counterbalance a modest risk due to asbestos exposure even in 
populations with siroilar smoking prevalences. 



lg habits, and in some cases, occupation. No 
itnber of asbestos bodies per gram of lung tissue 
the lung cancer patients and the control 
that, at this level of exposure, asbestos did not 
ing cancer in these patients. However, the 6malt 
this study limits the power of the study to find 
;toa lung burden on lung cancer risk. 

;ar«Ue smoking is another potential source of 
Ltihg the effects of low levels of asbestos exposure, 
itidiea presented in Table 1 do not show excess lung 
|evels of asbestos exposure, a pattern consistent 
stence of a threshold. However, lung cancer rates in the 
Ire determined largely by smoking habits, and if 
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For lung cancer, the measurement of a threshold in epidemiologic 
studies is further constrained by the certainty with which the 
absence of an effect can be established. The precision and the 
accuracy of an estimation of the expected number of deaths in a 
workforce is heavily influenced by the detail with which the smoking 
behaviors are determined and the Accuracy with which the In nr 
cancer risk of u given smoking history can be estimated. 

In the U.S. population during 1977,10 percent of the men who died 
between the ages of 50 and 70 died of lung cancer (McKay et al 
1982). Therefore, a workforce with smoking patterns similar to thr 
U.S. population would be expected bo have a similar mortality 
experience, in the absence of any asbestos exposure A 10 percent 
increase in the risk of lung cancer in u workforce (SMR 110. RR t.l) 
due to asbestos exposure would mean that 1 percent of the deaths 
among workers Sgesf 50;lo 70 would be excess lung cancers due to 
asbestos, a level; ftfafeiS^tinacceotable as the basis for an industrial 
hygiene standardf/rfowever, even with carefully determined smoking 
histories for a wjprksite^io data are currently available that would 
if expected death rates in smokers and 
n sufficient to establish that an increase of 
jily an error in the estimates. In addition. 
ia.bi.ts of the U S. population are not known 
adjust national or regional death rates for 
a given workforce so that a 10 percent 
ered significant. The result is a dilemma 
to measure a threshold level, or an 
et. for occupational exposure to asbestos, 
easure in statistical terms is still too large to 
BgWrrtis. 

edetermination of a threshold far lung cancer 
risk secondary exposure, and in the use of such a 

threshold to establlsK-enyironmenlal dust standards, is the potential 
differences betw^ggi^Threshald for lung cancer and one for 
mesothelioma oP'-oi-herl asbestos-related disease. Mesothelioma, 
which is not assorted,-with cigarette smoking, may occur following 
exposure to low levels cf asbestos, and a level of dust exposure 
defined as a "saf|pi$§g|ffor lung cancer risk may possibly continue 
to produce an increased risk of mesothelioma. 

A pragmatic the problems of defining a threshold or 

establishing safe been to define asbestos exposure stan¬ 

dards on the basJ^wINowest level of asbestos dust exposure that 
can be produced with existing technology. This approach reduces the 
risk, but does not answer the question whether the exposure of a 
worker u "safe.” 

An alternate approach has been to use the existing exposure- 
response data. In the face of uncertainty about the shape of the 
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exposure-response curve for asbestos exposure and lung cancer and 
whether a threshold exists, an assumption that asbestos has a linear 

exposure-response relationship with lung cancer and no threshold 
for effect has been suggested as both reasonable and a way to set 
standards (Peto 1979; NKC 1984). By definition, in this approach 
there can be no "safe" level of exposure (i.e., no threshold), onty an 
"acceptable” degTee of risk. However, using this method, once an 
"acceptable" level of lung cancer in a working population has been 
defined, the level of asbestos exposure that would result in that level 
of risk can be estimated. A corollary of this approach is that asbestos 
is assumed to contribute to the lung cancer that develops in 
populations of workers who have been exposed to asbestos regardless 
of their level cf exposure; by extension, the asbestos found in the 
lungs of Urban dwellers with no known occupational asbestos 
exposure is as3|6j££d to make a small (but finite and definable) 
contributiopkc all lung cancers. The evidence that does exist (Churg 
and Warnqpk 19*^$) suggests that asbestos exposure makes no 
"mea3urabtr'*f-5’'t^butioa to lung cancer in individuals without a 
definable eipet urltibut it is impossible to establish the absence of 
"any" effect^. 

If the i slUca-tfOl Jiability can be separated from the issue of 
threshold, 4-er JS*e|problem of reducing and eliminatin' asbestos- 
disability could be approached with a broader 
d be expanded beyond improving technology for 
asbestos to include ocher methods of reducing 
ted with asbestos exposure. If the goal is to 
icanoer deaths associated with asbestos rather tlian 
of asbestos dust in the worksite, then the 
ihgjriieraction between smolsing arm asbestos must be 
irnination of smoking will be a potent adjunct to 
itos dust control in this task, particularly for 
have alre idy received substantial asbestos 
exposure. A^gublic' health "feasibility" threshold could then be 
defined, not : in ternr^ of what dust levels were achievable, but rather 
in terms oM&&^$Ung cancer death rates were achievable. This 
threshold Would be the lowest cancer risk achievable, given our 
current and would include minimizing asbestos expo¬ 

sure, maximizing spioking cessation, and applying techniques for 
early diagm^^fe^^reatment. 

In summary, although the level of asbestos exposure that occurs in 
the general population does not appear to be accompanied by an 
increased risk of lung cancer, the demonstration of a clear threshold 
below which there is no effect in occupat-onally exposed populations 
is not possible. 
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TABLE 7.—Lung cancer mortality ratios with cessation of 
cigarette smoking in male smokers who smoked 
more than 20 cigarettes per day compared with 
those who never smoked regularly 


Ye*n line* Not ii^asi'd iruulrttiaft 

twiMtioci Lo a*br*io*' worsen* 


10 4 


11.4 


’ fA.U< If*t hU'WFOO*» 4 #W 7 J’ 

* OwL* f'»ra Ham mOesd i I §79fcj$'''‘ 

Cessation of 

A decline in ffiW^pative risk of developing lung cancer following 
cessation of cigga$iSsl!§rokir.g was demonstrated in cigarette-smok¬ 
ing asbestos workers by Hammond and colleagues (1979). Table 7 
shows the lungPliiflP^iortality ratios in asbestos workers who aie 
current smokersahd who have quit for varying periods of time. 
cornfiiliS with j BHUS ^ Hfrrkers who have never smoked regularly. A. 
comitaalan set ^g^imbeis is provided of the relative risks for lung 
c | ll iV n>e ' 1 i|aly|t||j»ed to asbestos, but who are current smokers 
or have quit foif s W?ymg ; periods of time, derived from the American 
Cancer Society million men and women (Hammond 1972) 

Several authars^h^ye attempted to approach the question of the 
risk, of lung cat^j^-lfellowing cessation of asbestos exposure by 
examining th?pielatM<d risks of asbestos exposure in workers 
following retirep&atJj^alker 1984; Selikoff. Hammond et al. 1980) 
The data in Figure 3 ai^d Table 8 reveal that the relative risk for 
lung cancer in aSbgjgtpjpvarkers increases and then declines with the 
increasing number of years from initial exposure. The workers with 
the longest inte|s^|iii§ih onset of exposure are also of the greatest 
age within the ftqgdiatigns examined Because of this link with age, 
the interpretati^W^wis decline in relative risk as indicating that 
cessation of asbestos exposure results in a decline in lung cancer risk 
must be made with great caution. Examination of national age- 
specific mortality rates for lung cancer (Figure 4) also shows a 
decline in male lung cancer death rates with increasing age. This 
decline with age is an artifact of the cross-sectional nature of data 
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presented in Figure 4. When cancer death rates are examined by 
birth cohort (Figure 6), no decline with age can be demonstrated. The 
explanation for this seeming discordance in the data is the differ¬ 
ences in pattern of cigarette smoking in different birth cohorts in the 
U-S. population (Figure 6) (US DHHS 1982). Those birth cohorts that 
currently represent the oldest age groups have lower smoking 
prevalences than the birth cohorts in the younger ages (those born 
between 1910 and 1930), and this decreased smoking prevalence 
resulted in a decreased lung cancer mortality. The risk ratios 
presented in Figure 3 are comparisons with the risk in the general 
population, and therefore represent the combined effect of the 
increased smoking prevalence among asbesU* workers and the 
increased risk due to the asbestos exposure. To the extent that the 
age-related changes in smoking prevalence among older asbestos 
workers presdn^y^Toble 9 represent a return toward or below the 
smoking preys^^ceTm the general population, a decline in the risk 
ratio among older asbestos workers would be expected. Regardless of 
the reason fdt t^-ctpinge in risk ratio among older workers (i.e., 
either differ^gajs^ 5 $inoking behavior or decline in risk following 
cessation of asbestos^ exposure), the magnitude of the decline is 
modest, partidblitf^When the rapidly increasing baseline risk of 
lung cancer i%^|yg|ner&l population with increasing age used to 
calculate thesensk ratios is considered. 

A sornewh^siSp^iSpnt approach to this question was taken by 
Seidman and colleagues (1979), who examined the mortality experi- 
eifSi&shlS a grodSpJhfSWorkers exposed to asbestos over a very limited 
pectpdipf timfeeing World War II and followed them for 35 years 
jdtsyljhe ona^Qatih^s exposure. These workers had an extremely 
intense'exposlwToreiibestos, but only very brief exposures with no 
subsequent ai^wMUga^Mmrk-expoisure history. If the risk of lung cancer 
declines signiffSsutyy following the cessation of exposure to asbestos, 
then these w orlf« jjtglS»ould be expected to have a declining risk of 
developing lu^-.eanc^r with increasing duration from the onset of 
asbestos expo^ur&Jugure 7 shows the ratio of observed to expected 
lung cancer deaths foj the ll>-year periods beginning 5, 15, and 25 
years after th^gggjg^of exposure in workers who had worked less 
than 9 monthis and tfy>se who had worked more than 9 months in 
this plant. In S^tilpisls the risk is greater in workers for the 10-year 
period beginning Jsygars after onset of exposure than for the period 
beginning 15^OT*Wter exposure The small number of deaths 
recorded in the study limits its interpretation; however, the data are 
consistent with the conclusion that cessation of asbestos exposure 
may not be associated with a decline in the relative risk of 
developing lung cancer with increasing duration of time since last 
exposu re. 
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exposure may? 
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^aS reported by Blot and colleagues (1980) in a 
tiale lung canser patients. They found a small 
iiing lung cancer in workers who had been 
t for only a few years during World War U, and 
workers was similar to that for workers 
rly in the shipyards. 

suggest that elimination of further asbestos 
the further increase in relative risk that 
Crease in cumulative exposure. However, the 
ng lung cancer persists even after prolonged 
avoidance of additional asbestos exposure. In contrast, the cessation 
of cigarette smoking appears to reduce the risk of developing lung 
cancer in asbestos insulation workers compared with those workers 
who continue to smoke, and the time course of this reduction in risk 
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TABLE 8.—Changes in the ratio of observed to expected 
deaths with time since first employment, four 
cohort studies 
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>d among smokers in the general population 


jinogencsis In Cigarette-SmoWing 


An insreasi^ociSir'bf developing lung cancer has been observed 
with all comrn||p$i8y used types of asbestos. Most studies indicate 
that crocidoltp:i«*p©ssure may produce a higher human lung cancer 
risk than ch^yoOtilft (Weill et al. 1979; Enterline and Henderson 
1973), but some studies have shown the opposite (McDonald et al. 
1983a, b; Den^lg^|i3^. 1982). All of the four major histologic types of 
bronchogenicL carcinoma develop in asbestos workers who smoke 
(Churg 1985;flS?ulfPli^h et a!. 1984, Whitwell et al. 19741. Although 
an increase^^j^^ lung cancer with exposure to asbestos in 
nonsmokers Kasbeefi demonstrated in a number of epidemiologic 
.studies (Hammond et al. 1979; McDonald et al. 1980), it remains 
unclear whether the asbestos fiber by itself acts as a complete 
carcinogen for lung cancer in the respiratory tract of man. This is in 
contrast to the role of asbestos as a carcinogen in mesothelioma, 
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where asbesco^^iej'-- _ ^re alone is claariy able to produce the tumor 
and where cig%fs^te^toking does not alter the mesothelioma risk. 

Laboratory in'vesfigktions have been undertaken to evaluate the 
mechanisms through which asbestos interacts with the combustion 
products of cigarettes to induce neoplasms. In this regard, the 
carcinogenic properties of polycyclic aromatic hydrocarbons (PAH), 
documented chemical carcinogens in cigarette smoke, have been 
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TABLE 9.—Prevalence of smoking among asbestos 

Insulation workers whose smoking history was 
known 
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evaluated in combination with asbestos both in tissue cultures and in 
grafts of resppH^^ract epithelium (reviewed in Craighead and 
Mossman 198& Mbssm&n, Light et al. 1983). This section summarizes 
th$N§§lts of Shlse%i&emTienLal studies. 




e Carcinogenic Interactions Between 
Asbestos 

When &nir«|3^£fil)MminUtered asbestos in inhalation chambers 
or by intratracheal instillation, differences among species and 
strains oppeatg^gj^MTuence the occurrence of lesions. For example, 
only benign iMitrctS'Tpapillomas and adenomas) are found in ham¬ 
sters, guinea pgsi-and rabbits After prolonged inhalation of asbestos 
(Botham and. Holt l&72a, b; Gardner 1942; Reeves et al. 1974), 
whereas cats et al. 1951) and nonhuman primates (Wagner 

1963, Webstei^ 1970ljdevelop fibrosis of the lung but not tumors. 
Small numbeP$i|M|plasins (squamous cell carcinoma, adenocarci¬ 
noma, small andlLy'Be cell carcinoma) have been reported ir. rats 
(Davis et al- ^Prepreleves 1976; Reeves et al. 1974, Wagner et al. 
1974), but benign neoplasms and fibrosarcomas (tumors rare in the 
human lung) predominate. Mice also appear to develop both benign 
and malignant tumors after inhalation of asbestos (Bozelka et al 
1983; Gardner 1942). Bozelka and colleagues (19831 found a large 


232 


V ■ 

a 


http://legacy.library.ucsf.efiU>tiGbf^qdflp90/pdfw.industrydocuments. ucsf.edu/docs/zxgl0001 


r 


52614 3958 





JL 


tu^q c*nc»r 




1 


Jw «w«R 


^ RhWo< otntervod to expeelpd 


FIGURE 7.—Observed compared with expected weighted 
ave^gagprobabilities of lung cancer death in 
lO-yea.-j periods, starting at 5~, 1S-, and 25-year 
beginning of work in an arnosite 
asbestos factory, 1941-1945, for men who 
wonted leas than or more than 9 months 
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number of lesions of^l^iionable malignancy in the lungs of Balb/c 
mice 12 to 18 moi^hS'afte^ a 75-day exposure to chrysotiie asbestos. 

Unfortunately, iit^k^difficuIt to evaluate many of these animal 
studies critically .becausejsatisfactory controls were not employed 
and data on expop®ii®iimens and concentrations of asbestos are 
often not availabij^J^a^ition, adequate pathologic documentation 
of the lesions iioifferrilaclung. Benign adenomas could occur 
spontaneously in^^^^esser species fMitruka et ai. 1976), and 
luxuriant squamous metaplasia and bronchiolization of the respira¬ 
tory mucosa may be misinterpreted as malignant lesions. These last 
epithelial changes may occur as a response to injury induced by 
asbestos (Davis et a). 1978; Mossman et al. 1980; Reeves et al. 1974; 
Wagner 1963; Woodworth et al. 1983a. b). 
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Several investigators have administered chrysotiie to rats and* 
hamsters in combination with either cigarette smoke or beo-3 
to(a]pyrene (BaP), a major polycyclic aromatic hydrocarbon CPAH) lojj 

Cigarette smoke (Table 10) (Miller et al. 1965; Pylev and Shabad 1 
1973; Shabad et a!. 1974; Smith et aJ. 1968; Wehner et al, 1976). Afl 
striking increase in neoplasms (both benign and malignant) of the J 
respiratory tract was observed. In contrast, a synergistic effect on ? 
tumor development was not apparent in rats exposed to asbestos and v j 
cigarette smoke by inhalation (Shabad et al. 1974; Wehner et al. 
1975); however, the majority of the animals in these studies died jj 
prematurely of pulmonary fibrosis. • 

The effects of asbestos on the carcinogenicity of PAH in the 
respiratory tract have been evaluated using grafts of tracheal tissue 
implanted into syngeneic animals. Two model systems have been [ 
developed.:In the first, the tracheas of rats are excised and formed ;i 
into tubulSr' < so.s&Jjy ligatures at the ends and then transplanted > 
subcutaned^^-WiSpping and Hctteaheim 1380, Topping et al. 1380). I 
When relanvely large amounts of chrysotiie are introduced into the 


lumina of tfte^jffifts, inflammatory changes appear and fibrosarco¬ 
mas deve log., bTAglubstantial proportion of animals (Topping et al. 
1980). On hand, epithelial tumors (carcinomas) appear 

when low cqa®en£|i^tions of the PAH dimethylbenx(a}nnthracene are 
introduced tracheal grafts before chrysotiie (Topping and 
NettesheLrri5: ; i3S^5%'he amounts of PAH used in these experiments 
were infiuffjiri|yA.k® cause tumors; therefore, the asbestos acted as a 
promoting 

S Jjnthe ie<J() : gs|.ragdel system, organ cultures of hamster trachea ere 
sled to girXnaOvlk* asbestos and implanted into syngeneic recipi- 
iwkfter us periods of incubation in vitro (Craighead sliu 
$& 3 $gman i9j ^Mfe stnan and Craighead 1979, 1931, 1982). Neo¬ 
plasms faiwlo'ae^elop in these experiments. However, tumors, the 
majority of l awftftaB& ere carcinomas, were found when the PAH 3- 
methylcholanthrene (3MC) was coated on the surface of the crocido- 
liVe fibers jtfM^Ijn'ecipltated onto the epithelial surfaces of the 
trachea! or^Siwen-ltijires prior to transplantation This tissue served 
as the nidusj>far«the,development of squamous cell carcinomas in the 
hamsters implanted; with the cultures In these experiments, asbes¬ 
tos op peacarrier of PAH, because 3MC also produced 
tumors when absorbed to nonfibrous particulates such as kaolin, 
hematite, ar|issp§Si|i (Mossman and Craighead 1979, 1932). 


Concepts eff^sitremogetteais 

The concepts of initiation and promotion were developed to 
explain the complex, multistep process of chemical carcinogenesis. 
"Initiation" is defined as the irreversible DNA damage of a cell 
induced by a carcinogenic agent, la contrast, tumor "promotion" is a 
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sequential process whereby a second, but unrelated, generally 
noncarclnogenic substance acts to enhance the effect of an initiator. 
Initiated cells undergo proliferative changes and differentiation that 
ultimately result in transformation to a malignant lesion. Much of 
the information that has accumulated on classical tumor promoters 
and their mechanisms of action was derived from studies with mice 
in which the animal’s shin was painted with PAH, followed by 
repeated applications of phorbol esters (or related compounds) 
(reviewed in Slaga et al. 1982). Nonetheless, the concepts ofinitiation 
and promotion appear broadly relevant to carcinogenesis in the 
mammary gland, liver, colon, urinary bladder, hrain, and lung (Marx 

1978). In this regard, a wide variety of chemical, physical, and 
infectious agents interact with tissues to induce a constellation of 
inflammatory and proliferative changes ultimately resulting in 
malignancy. 

It is dauhtfalsthat the action of asbestos in increasing lung cancer 
risk is pra tumor initiator (reviewed in Craighead and Mossman 
1982; h|i»snistrand Craighead 1981). Few epithelial tumors develop 
in experiffifSta| animals when PAH are not used in conjunction with 
asbes'hssli^imSSver, chryaotile and erocidolite do not seem to damage 
the DNA-,.of hamster or human tracheobronchial epithelial cells 


I 



(Forna< 
studies) 
c&rciru 
al. 19! 
hamst 
srticlf 


ossman, Eastman et al. 1983). In most (but not all) 
ill culture systems, asbestoe is neither mutagenic nor 
enic (Chamberlain and Tartny 1977; Daniel 1983; Kaplan et 
et al. 1982), but the malignant transformation of 
erpbryp fibroblastic cells by asbestos, glass fibers, and silica 
n reported recently (Hesterberg and Barrett 1984; 
t al. 1984). Under these circumstances, asbestos may not 
^Jrlr.tsical mutagen, but appears to cause alterations in 
4-ructure (Barrett et al, 1983), perhaps consequent to 
s fleets. 

ksbestos exhibits many of the properties of classical 
jpers when introduced into grafts of tracheal tissue 
(Toppii f^ prt ,|fetteshaim 1980) and monolayer cultures of hamster 
and hwnan tracheobronchial tissues (reviewed in Craighead and 
Mossman 198i?; Mossman and Craighead 1981; Mossman, Light et al. 
1983). phorbol esters, asbestos appears to induce perturba 

tions (nt¥iep1asma membranes of cells, such as the stimulation of 
membi$S*p§g$eiated enzymes (Mossman et al. 1979) and the 
generation of oxygen free radicals (Mossman and Landesman 1983). 
In addg^l|i|$|h asbestos and fibrous glas3 induce the biosynthesis of 
polyarhines. important biochemical markers of cell division and 
proliferative changes in the tracheobronchial mucociliary epitheli¬ 
um (Landesman and Mossman 1982; Marsh and Mossman 1984). 
This is accompanied by the development of squamous metaplasia, a 
putative premalignant change. These alterations in cell function and 
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structure are not observed in tissues exposed to nonribrous mineral 
analogs of asbestos and glass, an observation indicating that the 
fibrous geometry of the material is important (Woodworth et al. 
1983b). 

Cigarette smoke contains ciliostalic and toxic chemicals that 
impair mucociliary transport and the function of phagocytic cells 
(Warr and Martin 1978). Thus, intrapulmonarv deposition and 
clearance of asbestos might be affected, resulting in increased 
retention of asbestos in the lungs. In addition, the development of 
squamous metaplasia consequent to exposure to both PAH and 
asbestos (Mossenan et al. 1984) might contribute to the retention in 
the respiratory tract of asbestos and the constituents of cigarette 
amokc. 

Studies using artificial membranes and cells in culture suggest 
other possible medhiqisins. of synergism between PAH and asbestos. 
PAH are not ca rqj| Bajtec in their natural state and must be 
metabolized by a ^iuced-function, microsomal enzyme system (aryl 
hydrocarbon hydnjjeyiase'^HH) to degradative products and electro¬ 


philic forms intcr^cti 
this regard, the 
lites of PAH with th^-P 


event in initiation?i ' 


the addition 
(Mossman and Cr: 
dKandaswami and 




h DNA (Freudenthal and Jones 197S). In 
(adduct formation) of modified me fa bo¬ 
ot "target” cells is thought to be a critical 
cells. A number of studies suggest that 
PAH to tracheobronchial epithelial cells 
head |982), microsomal preparations from lungs 
SSas “ S ^ 1981), and phagocytes (McLemore el al 
ictiboiism of PAH as measured by an 
ictivity of AHW enzymes. Unfortunately, 
sislcni. possibly a reflection of the different 
rated. Accordingly, this important area of 
r exploration. 

,he environment and are associated with 
atusch et al. 1974). Thus, the ability of 
Hies to act as "condensation nuclei" for 
been explored using tracheobronchial 
epithelial cells (MessroHia, Eastman et al, 1983; Eastman et al. 1983) 
and artificial or isolated c|ll membranes (Lakowicz and Eevan 1979; 
Lakowici et al. P^jggg^ransfer of PAH to cell membranes by 
asbestos appears to occur jnore rapidly than with use of nonfibrous 
particulates (LakiiwSp^lkd Sevan 1979; Lakowici et al. 1978). 
Moreover, the no!Smr&yj.yike of BaP and the formation of BaP-DN'A 
adducts by IracHiiSfr^fnihelial cells are increased when BaP is 
adsorbed to chrysotile and crocidolite asbestos (Mossman, Eastman 
et al. 1933; Eastman et al. 1983). 

The pulmonary alveolar macrophage (PAM) is a key cell in the 
response of the host to asbestos. PAMs accumulate at sites of 
deposition of asbestos in the tracheobronchial tree (Brody et al. 


carcinogenesis n 
PAH are ubiqu 
airborne particula 
asbestos and oth^ 
chemical care 



237 



Ul 

ro 

CD 


r~ 


OO 

CD 

0) 


CO 


http://legacy.library.ucsf.efiU>tii±f^qdflp90/poWw.industrydocuments. ucsf.edu/docs/zxgl0001 



1961), a process associated with activation and release of lysosomal , 
enzymes (Davies et al. 1974) and the generation* of oxygen free 
radicals (McCord and Wong 1979). In addition, these cells possess the 
enzymatic capability to convert PaH to active metabolites (Autrup 
et al. 1978) and may facilitate the transfer of hydrocarbons to 
tracheobronchial epithelial cells and other cell types (Shatos and 
Mossman 1383). Thus, either damage to or activation of macrophages 
by asbestos and the components of cigarette smoke could influence 
the process of carcinogenesis. 


Concluai on! 

Several mechanisms by which cigarette smoke and asbestos may 
interact to increase carcinogenic risk are possible, but they remain 
unproved m man. First, asbestos fibers could serve as carriers of the 
carcinogenfe-of cigarette smoke into the cell. Physical transport of 
this type demonstrated experimentally, and there is 

evidence l|%Sggest that asbestos transfers PAH to cell membranes 
with unusual efRajency in comparison with other particulates. While 
this meclimSiS' $ an intriguing possibility, it presupposes the 
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e constituents with aerosols of asbestos fibers in 
ents of this nature remain hypothetical and 
mechanism is based on experimental evidence 
th animals and cell culture systems. In this 
serves as a promoter in.the respiratory epithelium 
rties of the epithelial cells and to enhance 
ifcsrmatin.i in cells initiated by the combustion 
tes. Biological evidence .supporting this mecha- 
Ogenesis is compelling in experimental modzls of 
not easily tested in man. 

C of macrophages in -he metabolism of PAH 
is an intriguing consideration. These cells are 
in the smoker and in the lungs of those exposed 
requently accumulate in large numbers in the 
uals exposed to these and other pollutants. One 
can only §pg£i)].£te on whether or not the alveolar macrophage 
contributes to the\netabolism of chemical carcinogens under these 
circumstaijgie^. 

Although obvious information gaps exist, consideration of the 
experimen|^^^^ts described here and the contemporary concepts 
of neoplasfic transformation suggest several mechanisms of interac¬ 
tion betwe|lllliil|onents of cigarette smoke and asbestos On the 
one hand, asbestos appears to resemble a classical tumor promoter 
after initiation of tracheobronchial epithelial cells by the carcinogen¬ 
ic chemicals found in cigarette smoke. Alternatively, asbestos 
Bppears to act as a vehicle for the transfer of PAH across cell 
membranes and affects the metabolism of these carcinogens, factors 
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favoring the process of initiation. Finally, asbestos and the toxic 
constituents of cigarette smoke injure celts, a situation potentially 

encouraging the retention of these inhalants in the respiratory tract. 
Chronic Lung Disease 

Cigarette smoke (US DHHS 1984} and asbestos exposure (SelikofT 
\ and Lee 1978) are well-established causes of chronic lung injury. As 
I in the preceding discussion of lung cancer, the enormous body of 
literature that established the pathogenicity of each of these agents 
is not presented; rather, this section focuses on the effects of 
»;f combined exposure. In contrast to their effect on the risk of 
developing lung cancer, asbestos and cigarette smoke produce 
, : :S different patterns.of injury in the lung. The pattern of lung injury 
associated with cigilir«He smoking is characterized by inflammation, 
excess mucus pr^ptfSrii narrowing of the airway lumen, and 
emphysema (US UriHS 1984). The result is a reduction in maximal 
expiratory flow ra(S& ancf%icreased static lung volumes. The pattern 
of lung injury aisQcS|^«| with asbestos is fibrosis of the small 
airways extendin^nm troe alveolar structures with obliteration of 
alveoli, leading to ggigtjggtar nodular pattern of interstitial fibrosis 
arid decreased lung volumes, with relative 
Expiratory volume in l second (FEV,) as a 
capacity (FVC) (Selikoff and Lee 1978), 
lively distinct patterns of lung injury, 
era of injury in combined exposure is 
act separately, but simultaneously, to 
injury in an individual worker is the combina- 
cigarette smoke, asbestos and other 
ana all other injurious processes that have 
■iduafs lifetime. The presence of a lung 
., 4 a^ent or process does not prevent the lung 
cond agent, fn evaluating impairment in 
-■•■smokfcr, it may be difficult to apportion the 
tjvo agents because both cigarette smoking 
and asbestos exposure mBV alter a given lung function test in the 
same direction of them reduce the diffusing capacity 

(DLCO)h or they may change a test in opposite directions (e.g., an 
increase in total l^^l^^city CTLC) due to smoking may mask a 
decline in TLC due tr|asbestos). When a given physiologic test is 
influenced in oppo|llrtraT$:tioris by cigarette smoking and asbestos, 
the degree of injury to the lung may be underestimated by the 
change in that test. For example, the relative preservation of TLC in 
cigarette-smoking asbestos workers does not represent a relative 
protection of the lung in combined exposure, but rather reflects the 
emphysematous destruction of alveolar walls secondary to cigarette 
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smoking (which increases TLC) being combined with the as best 
related fibrosis and obliteration of other alveolar units (which; 
reduces TLC). 

Interstitial fibrosis of the lung is a well-described and 
established sequel of heavy asbestos exposure. In an Individual, the? 
fibrosis is attributed to asbestos when a pattern of lung injury onj 
chest roentgenograph or lung biopsy consistent with that found ini 
aabestos-eStpaged populations is found in conjunction with a history . 
of significartfpPi^stas exposure or with levels of asbestos in lung , 
tissue caniHlent with significant asbestos exposure. Fibrosis due to ; 
other causes »ucH%s exposure to coal dust, silica, or infection needs 1 

1? . 'vKWf . ^ . .. ..... . . 


u> be cons: 
sis and atti 
very early 
process hi 
disability 
subs tan ti 
degree of 




j evaluating individual patients, and both diagno- 
ito a specific etiologic agent may be difficult in the 
f the fibrotic process. However, by the time the 
jessed to the degres that it causes significant 
the diagnosis is usually readily evident and the 
asbestos evpoeure generally necessary to cause this 

tS*SS?Sl!S . .. ... . , 

Iso easily identifiable. 



keasa Death Rates 

uced chronic lung injury does not produce the 
||>mmonly found in individuals dying of asbestoe- 
erstitiall fibrosis, and therefore does not interfere in the 
juticn to asbestos, of the severe fibrotic lung 
disease in the^S^gJividuals. However, cigarette smoking can cause 
significant J^jpuestruction and disability, and therefore it may 
contribute BTtfie w, f&c.rtality and degree of disability in individuals 
with asbestpsdnduded interstitial fibrosis, independent of any effect 
of cigarette, smoking on the degree or extent of fibrosis. In addition, 
because dc^P BIPP isabiKty occur only after extensive lung injury, 
the indepecde^^je., additive) lung injuries due to smoking and 
asbestos produce a level of disability that could exert a 

synergistic ftp)gS!W©|deoth rates. 

Frank (1 nted data on the death rates in smoking and 

nonsmoking asbestos insulation workers (Table 11). The population 
was drawn from the 17,800 asbestos insulation workers studied by 
Hammond and colleagues (1979) and included those workers with 
more than 20 years of exposure whose smoking habits were known 
The age-standardized death rates from chronic lung disease (includ¬ 
ing asbestosis) were increased by either cigarette smoking or 
asbestos exposure, and the rate in cigarette-smoking asbestos 
workers was well above the sum of the rates for non-asbestos-exposed 
smokers and nonsmoking asbestos workers, This "synergism" was 
also present when only asbestosis deaths were considered, with the 
death rate almost three times higher in cigarette-smoking asbestos 
workers than in nonsmoking asbestos workers. This study revealed a 
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■^greater than additive effect for cigarette smoking and asbestos 
Jexposure on death rates from chronic lung disease and asbestos is, 
!§■ This may reflect u "synergistic" effect ori death rates of the 
“addition" of the two separate injuries, rather than an effect of 
^cigarette smoking on the degree of fib rests produced by a given dose 
*of asbestos. In addition, these data reflect; the fact that a death 
^certification of asbestosis does not rule out the possibility of a second 
^disease process existtftgjn thg lungs of that individual. 

^Pulmonary Funct^^testing 

^ The most frequeifC&^ls^ measures of lung function are lung 




i and messu 
^volume expired duri 
|1 second, FEV ,) or 
Ivolume or between 
from 25 to 75 pj 
Classically, diseases 
^Ittjng function testini 
limit expiratory ai 
“ly decre^se't^ng vi 
of t! 

result^P ^bl mi 
^reduction in vulume-udjus 
Obstructive lurtg 




imal expiratory airflow, either as the 
ivln time(e.g., forced expiratory volume in 
of expiratory airflow at a given lung 
volumes (e.g.. forced expiratory flow 
the forced vital capacity, FEFs-Tin). 
ed by their pattern of abnormality on 
tructive (processes that predominately 
restrictive (processes that predominate- 
hies find specifically decrease the total lung 
recesses may occur In a single individual, 
ru (both reduced lung volumes and 
expiratory flow rates), 
marked by reduction.; in the rate of 
expiratory airflow; norin^i or, more typically, increased TIC; and 
^substantial increase^i«$iS6fdii9l volume (RV) and functional residu- 
*§§§£• al capacity (FRC) Restrictive diseases are marked by a 

#' ^reduction in TLC. rates in restrictive disease are usually 

normal or even increased onte an adjustment for the decreased lung 
volume has been riftalttBSii ilV. is obviously limited by the total 
that can be expired, as well as by the amount of obstruction 
to expiratory airnov^^^^s reason, FEV, is commonly divided by 
.he forced vita! capapj.tj|.,(F^C), and expressed as the percentage of 
: the FVC that can Iw^lxpired in 1 second (FEV,/FVC%). This 
jfidjustment of FEV, for reductions in FVC aids in separating the 
lecline in FEV, that is due to a restrictive process (i.e., reduced TLC) 
from that which represents increased resistance to, and decreased 
jdriving pressure for, expiratory airflow. 

The pattern of lung function change in cigarette smokers has been 
>1! described (US DHHS 1984), and consists of a reduced FEV, and 
;V,/FVC%, an increased RV and FRC, and an increased TLC 

(particularly in those individuals with emphysema). In addition, 
FEFji-iiit, DLCC, and Hows at specific lung volumes are also usually 
reduced. 

The pattern of change with the development of interstitial fibrosis 
due to asbestos is also clear. Figure 9 shows the changes in lung 
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FIGURE 9.—Standardized mean values for subdivisions of 
lung volume (TLC[SS], IC. FRC, and RV> in 
nonsmokers and smokers, divided by dust 
index 

N OTC la ►« number ifiiilinduAii in MckM.taooup 
50URC& n Ml (19721 

FEV, also declines with increasing exposure, but this decline can be 
accounted for by the decline in FVC, as FEV,/FVC% does not 
decline with increasing exposure in nonsmokers and is above 80 
percent in alt but the lowest exposure category. FEFj^u* is also 
preserved in all but the two highest exposure categories The FEFu- 
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10.—^tandarxhie^ mean values for flow rates 
(MMF, FEV,«. FEV lt and FVQ in 
nonsmokers and smokers, divided by dust 
index 
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Tjv measurement would also be expected to decline with a fail in 
FVC, independent of any change in the degree of obstruction to 
airflow. Thus, in this group of nonsmoking asbestos workers, the 
pattern of asbeatos-induced lung disease is a reduction in lung 
volumes with preservation of FEV,/FVC% 
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The changes in lung function in the smoking asbestos workers in 
this study can be contrasted with those of nonsmoking asbestos 
workers with comparable cumulative exposure histories {Figures 9 
and 10). The static lung volumes (Figure 9) are larger for smakem 
than nonsmokers at each level of cumulative asbestos exposure. 
FEFjs.im, and FEV, are lower, as is F£V,/FEV%- There is a 
progressive .decline in FEV,/FVC% with increasing cumulative 
asbestos expbsujejjj the smokers but not in the nonsmokera. This 
decline is probably attributable to the increase in cumulative 
cigarette snjwfcng exposure (and related injury) that occurs with 
increasing cKflfiuUfi&e ashes toe exposure (Rossiter and Weill 1974), 
because of tfeg o|gxa§ation between these cumulative measures. The 
picture thatPxrewNris from this study of the effect of combined 
cigarette aniojjsg and asbestos exposure is one of an obstructive 
process supenmjsbiied upon a restrictive process. In addition, in the 
population with relatively heavy asbestos exposure, TLC 

is reduced i^ both ^mokers and nonsmokers, suggesting that the 
restrictive pifftsfiftiiitt'y process exerts a greater {.fleet than those 
changes that; te^ ta increase TLC (e.g,, emphysema). The relative 


p gfiUP iation that occurs in cigarette-amokirg asbestos 

in c^^iarison with nonsmoking workers should not be 
Srteraeted % v; |ig£gtective effect of smoking, because it almost 
^ertatnly rep$SefttirRiore extensive lung damage (i,e., the combina¬ 
tion of emphj®6gM*ta|i5 and fibrotic processes) in the lungs of the 
cigarette smoKWS^U S also important to notv that the data front this 
study show a r^jsp&ely clear dose-response relationship between 
cumulative asfefe)b3*,akpasure and degree of restrictive impairment. 

The pattern lof lung function response in smoking and nonsmoking 
workers founl) in thi^ study is consistent with the premise that 
asbestos expotofeg^ibes a relatively pure restrictive lung disease 
and cigarette Smoking; causes a relatively puce obstructive process. 
In combined the lung functional changes represent the 

combination of tl|e effects of these two independent processes. A 
number of have examined the lung function in smoking 

and nonsmoking asbestos workers, and the data from these studies 
can be used to explore this relationship further 

A general morbidity study was conducted of civilian naval 
dockyard workers in Great Britain, and lung function tests were 
performed on 612 male registered asbestos workers (Harries and 
Lumtey 1977). The measurements were standardised to a height of 
1.7 meters and to a constant age within each of five age ranges. 
Smoking habits were classified as smoker, nonsmoker, or ex-smoker. 
TLC showed no relationship to age. smoking status, or duration of 
asbestos exposure. There was a tendency for smokers to have a lower 
FEV, than nonsmokers, and the difference increased with age. FEV, 
and duration of asbestos exposure were related only for those aged 
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SO to 59. The differences in FVC between smokers and nonsmokers 
were less than the differences in FEV,, demonstrating a relative 
preservation of FEV,/FVC in nonsmokers, and a relationship 
between duration of exposure and FVC was again present only in the 
50- to 69-year-oid age group. The absence of a relationship between 
TLC and duration of exposure may be due to the somewhat lower 
intensity of asbestos exposure in this population in comparison with 
the Quebec ramerx 

In a companion the same naval dockyards, Hossiter and 

Harries (1979) ex4p^fie^^he lung function in 1,200 men aged 60 to 
59. The sample in|luded,^Jl men in the register of asbestos workers, 
l in 3 of those curfentjlyiri occupations where intermittent exposure 
‘ L - 'd 1 in 30 of the remainder. Lung function 

.rdized to age 55 and a height of 1.7 
racterized as nonamoker, ex-smoker, or 
function was analyzed by duration of 
was lower in the smokers than in the 
ers in the registered asbestos-exposure 
ui|s th^n workers in other occupational groups 
‘ the group of asbestos loggers who had 
,to li/57. The differences in FVC among the 
Is were less than the differences for FEV,. 
markedly influenced by smoking. Even 
among those workers employed before 1957, the FEV,/FVC ratio 
was preserved in but declined among cigarette smoker. 

Weill and colleagu^|||!.,975) adopted a somewhat different ap¬ 
proach by developjgjp^sredj c t i v e equations specific for the smoking 
status of the workfcrT'as well as age and height, for the individual 
function tests. FE^STrai'^as lower and declined more rapidly in 
smokers than in nonsmol^Vs (Figure 11) in the population used to 
develop the prediflm^quations. The researchers applied these 
smoking-specific equations to 859 workers who were 

employed in two adfeesfr's'ihatuifacturing plants in New Orleans on 
November 3, 1969.s&&^ggttJosure measurements were derived from 
midget impinger samples faken between 1952 and 1969 and from 
estimates of exposures derived from interviews with employees who 
had worked prior to this lime period. Figures 12 and 13 reveal a 
decline in TLC with increasing cumulative asbestos exposure; as 
would be expected, this decline is accompanied by declines in the 
vita! capacity, FEV,, and FEFb-tsh.. However, there is no decline in 
V,/FVC with increasing duration of exposure. The decline in TI.C 
d vital capacity at the lower exposure levels occurred entirely in 
the group with x-ray changes, but for the two highest exposure 
categories, the decline in TLC and vital capacity occurred even in the 
group with no roentgenographic changes. Again, this study suggests 
that the effect of asbestos dust exposure in a manufacturing plant is 
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anship between FEV»_n» and age for 
okers, ex-smokers, and nonsmokers in 
ftandacd group (height taken as 175 cm 
{S feelf 9 inches]) 
souact *.oi *i ^i'TiaL_ 

largely that bjjji^sismjctive process producing a decline in TLC, with 
the decline ifii F® viand maximal midexpiratory flaw between 25 
and 75 percenjaBpjg^ (MMFn.a*j being a reflection of the decline in 
lung volumes rather than an indication of the presence of airflow 
obstruction. 

Several analyses have focused on the pattern of pulmonary 
function response rather than on isolated test values (Former- 
Massey and Becklake 1975, Becklake et al. 1976; Muldoon and 
Turner-Warwick 1972; Murphy et al. 1972, 1978) These authors 

were attempting to determine whether asbestos exposure results in 
chronic obstructive lung disease, either in the absence of cigarette 
smoking or in excess of the level to be expected solely from smoking. 
The stratified sample of 1,027 Quebec asbestos miners and millers 
described earlier in this section was also analysed by the pattern of 
pulmonary function response (Former-Massey and Becklake 1975; 
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FIGURE 13.—Relationship between expiratory flow and 
dust exposure 
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(Table 12). The deviation of the percentage predicted value was 
scored from 7 through 13 for each value, with lower numbers 
representing those measurements indicative of restrictive disease 
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and higher codes representing those values indicative of obstructive 
disease. Scores of 45 to 55 were considered consistent with a normal 
profile when all five coded values were between 9 and 11, and 
consistent with an undifferentiated profile when a mathematical 
balance of codes under, equal to, and over 10 resulted in a score of 45 
to 66. Scores under 45 were assumed to represent restrictive profiles 
and scores over 55 to represent obstructive profiles. Forty-three 
percent of the population had normal lung function profiles, and 26.5 
percent had u n dfffe,r<gn|i a ted lung pro files. The remainder was 
divided relatively^^mj between the restrictive and obstructive 
lung profiles, with 14.9 percent having a restrictive defect and 14.3 
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ive picture. In Table 13 are revealed the 
insmokera, stratified by increasing asbestos 
ta seem to suggest that neither obstructive 
occurs in nonsmoking asbestos workers 
rbstructive lung disease cccur with equal 
rs who smoke. In addition, it appears that 
ative dose-response relationship between 
nd increasing cumulative asbestos expo- 
rticularly remarkable in the face of data 
orkers presented earlier in this section, 
)y clear doss-response relationship between 
jgsfiure and decline in TLC and FEV, in both 
smokers and noo^mokYrs.; The authors have interpreted this data to 
suggest that an between smoking habit and the develop¬ 

ment of asbestos-reTa'ted.fibrosis may exist and that asbestos workers 
who smoke may^dpsi^op either obstructive or restrictive lung 
disease. The incoirsSsWfflbfe between the data on pattern pulmonary 
function tests arid.-tbe roeas’ires of individual test responses de¬ 
scribed earlier may be explained by the effects of changes in lung 
volumes on some & «fiBlfe asurements used to code the lung function 
EFa.71% are measurements that, when 
ing scheme to define an individual as 
f these are measurements of airflow 
of normal lung volumes, but may also be 
reduced in the presence of diminished lung volumes secondary to 
restrictive lung disease Indeed, examination of the pattern of 
pulmonary function response in nonsmoking asbestos miners (Figure 
10) reveals that with increasing cumulative asbestos exposure, the 
decline in TLC in these workers was accompanied by a decline in 
FEV?s* and MMEFm-tsv. This pattern, consistent with progressive 
I'estrictive lung disease, would define the worker by the coding 
scheme as having obstruction, or would counterbalance those scores 
for a restrictive category, thereby placing the worker in the 
undifferentiated category A similar effect would occur in asbestos 
miners who smoke. As can be seen in Figure 10, the decline in FEV,, 
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being obstructed< 
obstruction in thclp 
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TABLE 12.—Coding of lung function profile 
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cftvvfvo* 

Cock 

IRV. TU3 

(FEV»| WMF) 

percent predicted 

7 

<TO 

>1.30 

>11* 

t 

tn-TS 

UlUO 

1U-I1S 

9 

«-*? 

111-130 

110-105 

10 

P Ill -130 

*mi a 

*5-105 

11 

10-69 


12 
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SOURCE r«nutr M u 


FEVr»%, and greater in smoking asbestos miners than 

in nonsmoking miner|. This pattern, which is consistent with a 
combination olpSipj^ElSon and obstruction in these workers, would 
result in a prqtgre^sivf increase in the coding scheme obstructive 
sco^pi&l iherpiw®fi§|y account for the absence of a dose-response 
rel^gggjghip be^^n tisbestos exposure and restrictive lung disease 
igj, ^^^besto|^^|^s who smoke. With increasing severity of 
restrictive lunjpcrcasSBfl, more and more workers would be catego¬ 
rized as havingiaisf^^^uctive or undifTerentiated pattern and thus 
would drop outcrh^erestrictjve category. 

A similar appr^gife’Hvas taken by Muldoon and Tumer-Warwick 
(1972), who catpptriaedi the lung function results in a consecutive 
series of 75 subjggk&.^jth a history of exposure to asbestos who were 
referred to the Pneumoconiosis Medical Panel of London. The 
researchers cat|!«wgj^*i ; workers as having obstructive, restrictive, 
mixed, or normaliung function. They reported that the workers with 
obstruction did |g§ijK|j|£| heavier smoking histories than the subjects 
with restrictive! or horihal lung function. However, examination of 
the data pressp^SIs^ their report reveals that, although the 
percentage of current smokers in the obstructive and restrictive 
groups was somewhat similar, there were marked differences in the 
frequency of former smokers. Indeed, ail of the workers who had 
obstructive disease had a history of cigarette smoking. There were 13 
workers in the group; 8 were current cigarette smokers and 5 were 
former cigarette smokers of whom 3 had stopped smoking less than 
1 year prior to the study. Of the entire group examined, there were 
only four workers who had never smoked cigarettes, and all of these 
workers fell into the restrictive category. 

Murphy and colleagues (1972, 1978) also attempted to answer the 
question whether an increased prevalence of obstructive lung disease 
occurs in asbestos workers They examined a group of 101 shipyard 
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increased prevalence resulted from their reported symptoms and not 
from differences in measured pulmonary function. 

In summary, lung function has been examined in several popula¬ 
tions of smoking and nonsmoking asbestos workers. In populations of 
nonsmoking asbestos workers, a dose-related decline in TLC and a 
decline in FEV, and in FEFjs-;**, consistent with the decline in TLC 
can be identified, a pattern consistent with a primarily restrictive 
lung function populations of cigarette-smoking asbestos 

workers, the dechhPm T'IjC is somewhat less than in nonsmoking 
asbestos workers-and tl^dedine in FEV, and FEFa-r** is somewhat 
more. The percerSag^deciine in FEV, compared with the percentage 
decline in FVC in smoking asbestos workers, but not in 

nonsmoking asbbstos workers. When smoking asbestos workers are 
compared with ^sra^j^populations with similar smoking habits, 
there is a aignifid flft^Mfc atcr decline in FVC and TLC, but the ratio 
of FEV, to FVCfjs similar in the asbestos-exposed and the non- 
ons. The data are therefore consistent with 
estos and cigarette smoking on lung 
un examined statistically by Samet and 
|by Rossiter and Weill (1974); an additive effect 
|xposure on the FVC was present, but there 
[dernopstrable synergism. 

^1971) evaluated the relative power of 16 
clinical-radiological-mllipmnary function variables in evaluating as- 
bestosis and chr(?gih;airvyay disease. A decreased diffusing capacity 
for carbon monoxide (DLCO) and a decrease in the vital capacity had 
the greatest power to m'dasure the severity of either obstructive or 
restrictive lung workers with both smoking and asbestos 

exposure, but had little ability to distinguish between the two 
processes. The b^c^pim^tor for distinguishing between restrictive 
lung disease and|ig|^ify^ive airway disease was FEV, as a percent¬ 
age of the vitaL^^fpSbnSy. This variable had a better ability to 
distinguish between obstructive and restrictive disease than either 
the clinical or the chest roentgenogram findings or other tests of 
pulmonary function. 

The absence of an effect of asbestos exposure on FEV,/FVC% 
must be interpreted with caution. Although this test is the best 
i measure of the presence of airflow obstruction in the presence of 
restrictive lung disease, it is not sensitive to changes in the small 
airways. Because both cigarette smoking and asbestos exposure have 
been shown to result in changes in the small airways of the lung, it is 
important to examine the effects of these two exposures on tests of 
small airway function. 
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The changes in the small airways of asbestos workers have been 
examined (Wright and Churg 1984; Churg and Wright 1984), and 
differences in the pattern of injury from that produced by cigarette 
smoking alone were identified. The researchers examined lung 
sections from 16 patients who had been exposed to asbestos and had 
abnormalities of the respiratory bronchioles, and compared these 
individuals with 15 control subjects matched for age, sex, and 
smoking status. Almost all of the subjects smoked (13 of 151, so it was 
not possible 'W^ amine the differences between smoking and 
nonsmokin^iroestds workers or to rule out an interaction between 
smoking ary^l. asbegt 06 , Howeve--, two distinct patterns seem to 
emerge. Clfurg^ant Wright found changes in the membranous 
bronchioles^fithiSiJagarette-amokirg controls similar to those found 
by others (Cosio et 1978; Berend et aL. 1979), including inflamma¬ 
tion, pigraenihriijnt tLrid periobronchiolar fibrosi*. The changes in the 
membranoibyh^^ghioles of the asbestos workers (almost all of whom 
were smokereT werl qualitatively identical to those in the non- 
kers; but quantitatively, the degree of fibrosis. 
pigTiier.tation. and the percentage of membranous 
|v/as greater in the asbestos-exposed individuals. 
|-exposed group, 67 percent of the membranous 
I marked fibrosis in comparison with 13 percent in 
of smokers. The clearest distinction and the 
useful lesions occurred in the respiratory 
alar ducts. Forty-eight percent of the respiratory 
ercent of the alveolar ducts shewed marked 
(-exposed group in contrast to 4 percent of the 
respiratory bronchioles and 0 percent of the alveolar ducts in the 
control popiSiat'iunT'tThese data suggest that cigarette smoking 
produces Bn imfl^mg^atory response with only modest amounts of 
fibrosis in tJj^'ThlrhbranoUK bronchioles, and that the addition of 
asbestos exo dtear-ftsa aiults in a marked increase in the fibrosis around 
the membranous|brotvchioles ar d pn extension of this fibrosis to the 
respiratory and alveolar ducts. Because there were so 

few nonsmofcers examined in this study, the questions whether 
asbestos exposure alone causes an inflammatory response and 
whether the fibrous lefiorts characteristic of asbestos exposure are 
influenced by smoking could not be addressed. 

Given this description of the pathologic response of the small 
airways to cigarette smoke and asbestos dost, examination of the 
physiologic testing of the small airways in asbestos workers should 
focus on several questions: Does asbestos exposure alter the function 
of the small airways in people who have never smoked? Does this 
alteration in smalt airways function result in reductions in the rate 
of expiratory airflow (as occurs in cigarette smokers) independent of 
the reductions in lung volume that occur secondary to asbestos 
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exposure? (The increased resistance in the small airways may be 
compensated for by an increased elastic recoil of the lung available 
to drivj expiratory airflow.) Does asbestos exposure increase the 
prevalence of abnormalities on tests of small airwayB function above 
that expected from smoking alone? 

A number of researchers have examined small airways function in 
asbestos workers. Jodoin and colleagues (1971f examined 24 workers 
with normal ch^ef. roentgenograms whose asbestos exposure ranged 
from 6 months to J^^eara. Two groups with comparable age and 
smoking preval|jpit but with differing exposure to asbestos dual, 
were defined artiprg ttapse 24 workers. The more heavily exposed 
group had a 30 jpertaent^increase in lung static recoil pressure and 
had reduced ratipi'.jj^|^»iratory airflow for any given transpulmo- 
nary pressure, suggesting? increased resistance in the small airways. 
This increased did not result in obstruction on spirometric 

testing, as both l|£&&uf£i|fC9S> and FEFu-m* actually increased in the 


group had a 30 ipert»ntsincrease in lung static recoil pressure and 
had reduced rat^^gjsj&iratory airflow for any given transpulmo- 
nary pressure, suggesting increased resistance in the small airways. 
This increased retiru-- ee did not result in obstruction on spirometric 
testing, as both and FEFu-m* actually increased in the 

workers with hesmeras&esttM exposure. In five of the subjects with 
heavier exposur^^g^j^th a normal FEVi and FEV,/FVC%, the . 
maximal expiratory pow:was reduced throughout the entire range of 
'UngMfei&e des^glj^increased driving pressure, suggesting that 
the dfigm^of sm^kairway obstruction was greater than the degree 
of in:|eas&in driyii^pressure. However, all five of the subjects were 
siffi w fe ^ ropkelB^fcii^fore. the reduced airflow could not be 
idenrified as dueijJa.-UiftjMbestos. The authors provided no separate 
analysis of the duls-forTTl; nonsmokers in the study. 

Several other aut|ig|6*' (Harless et al. L97S; Cohen et -A. 1984; 
Aodriruez-Hoisin^^^al. 4 1980; Siracusa et al. 1983) have also 


Aodrijuez-Koisin^i^^a^ 1980; Siracusa et al. 1983) have also 
presented evidence suggesting that asbestos exposure results in 
small airway dy^unctvoBi; however, the data on nonsrrokers were 


not presented in 
or included ex-sn 
difficult. 

Begin and col 
lifetime nonsmok 


^r to allow evaluation as a separate group, 
vith never smokers, making interpretation 


Begin and colleagues T1983) examined airways function in 17 
lifetime nonsmok^ag^bg^tus workers with an average oT 28 years of 
exposure in the asbestos mines and mills of Quebec. Seven workers 
met the diagnostic criteria fo” asbestosls and 10 did not; none of the 
workers met the diagnostic criteria for chronic bronchitis, emphyse¬ 
ma, or asthma. The lifetime nonsmokers without asbestosis had 
relatively normal tung (unction, but there was a slightly tower 
maximal expiratory Dow at 26 percent of the vita! capacity and a 
(Significantly elevated isoflow volume, suggesting dysfunction in the 
^small airways. The seven workers with asbestosis had clear evidence 
of small airway obstruction with a threefold or fourfold increase in 
upstream resistance at low lung volumes. These data were supported 
by histologic evidence of peripheral airway obstruction and narrow¬ 
ing on lung biopsies in three of these men. However, this obstruction 
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in the «mali airways was not severe enough to significantly reduce 
the usual spirometric parameters of airflow obstruction, and none of 
these men had a significant reduction in FEVVFVC%. The authors 
attributed thi3 phenomenon to the higher pressures available to 
drive airflow in these workers with restrictive lung disease. 

Cohen and colleagues (1984) attempted to examine the relation¬ 
ship of smoking.*nd asbestos exposure in a cross-sectional study of a 
group of asbestofc litigants. Unfortunately, ex-smokers were included 
with the group of nopsmokera, This results in an increasing 
prevalence of e* smokers with increasing age, and ex-smokera have 
reduced lung fhr;gtfgh^(US DHHS 1984); correspondingly, with 
increasing duration ^Asbestos exposure, there would also be an 
increasing prevalence (if ex-smokers. This confounding of their 


exposure data mgjg 
In summary, pj; 
result in small aifni 
small airways dysgi 
spirometric testfnj 
s.-:iokmg : .•esU-.'uds 
inc rttoje^ y the Sj| 
in TECfTfiis pict^f 


difference may b 
pressure of the^ 


5 .rotjehnlngful interpretation impossible, 
jtjryence suggests that asbestos exposure can 
Sy^fysfunotion in nonsmoking workers, but this 
jj^sn docs not result in obstruction on standard 
p*£V 1 /FVC% remains normal in these non- 
workers even in the presence of substantial 
gray resistance at low lung volumes and decreases 
f^iffers from that in small airway dysfunction in 
there is a decline in the FEV,/FVC%. This 
^counted for by the differences in elastic recoil 
tflgproduced by these two injuries. Asbestos 


exposure results in^Jggcreased elastic recoil of the lung, which 
provides an inc^sild^jjriving pressure that compensates for the 
increased resistance in the small airways. Thus, the rate of expirato¬ 
ry airflow is preserved Tn contrast, the elastic recoil either remains 
norma! or freqiUMjtJUc^ecreases (in emphysema) with cigarette- 
induced lung injtlyfklt therefore there is no compensatory increase 
in driving pressu^^gg^^ntain the rate of expiratory airflow in the 
presence of an; indreased resistance in the small airways In 
combined exposip^jfi^garette smoke and asbestos, the largely 
inflammatory response in the small airways due to smoking may 
occur conjointly with the largely fibrotic response in the same 
airways due to asbestos, and the resultan t increase in the resistance 
in the small airways may be large enough to reduce expiratory 
airflow even in the presence of an increased elastic recoil. 

In conclusion, asbestos exposure can result in reduced lung 
| volumes in both smoking and nonsmoking workers, and may result 
iri small airway dysfunction. However, the evidence does not suggest 
that airflow obstruction, as measured by a reduced FEVVFVC, is a 
result of asbestos exposure in nonsmoking asbestos workers or that it 
is worse than would be expected from the smoking habits of asbestos 
workers who 6moke. 
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Chest Roentgenographic Changes 

One of the hallmarks of interstitial fibrosis due to asbestos is an 
abnormal cheat roentgenogram, and despite the fact that biopay- 
proven disease may be present with a normal roentgenogram (Epler 
et aL 1978). the * ray commonly reflects both the presence and the 
extent of fibrosis. Occasionally, particularly in early asbestos-in¬ 
duced lung disease, the chest roentgenogram may not be abnormal 
and the only abifOTcnalitiet, may be a reduced diffusing capacity or 
decreased lung vqU$g|^irhe cheat roentgenogram is less frequently 
abnormal in cigarette-induced chronic obstructive lung disease, but 
vocntgsnogTaphic.afcnoriJiaUties can occur, particularly in advanced 
disease or when exCSKSiye emphysema is present. The abnormalities 
produced by thea|r^iSoSpS|)ces 3 es are usually quite different on cheat 
roentgenogram onycethfedieease process is sufficiently advanced, and 
confusion about the^SIfitgenographic diagnosis in severe disease is 
ur usual. Isiltlll! 

The radiographic changes associated with asbestos include small 
irregular opacitid^iS^®^ commonly begin as a reticular pattern in 
& the lower, lung |nd may progress to diffuse interstitial 

densi$IP^hrougliiiP 8 i$ entire lung with reduced lung volumes 
(Selif^SgJ^sd Leesi3|78; Fraser and Fare 1979.'. The abnormalities 
thg| h^s^been feralltedj with COLD include overinflation, promi- 
nence^oTTurng <1 irty lungs”), tubular shadows, and in the 

presence of signifjw£&h#@ 5 physema, oligemia, and builat (Fraser and 


th # &Sfth en 

nence oflung ms 
presence of signii 
Pare 1979). 



DoentgenograpIliujChahgea in Non-Asbestos-Erposed 
Population* ; 

The literature' establishing asbestos as b cause of interstitial 
fibrosis is extensi§&|a§jpio significant scientific debate remains over 
the potential for pccupatipnal asbestos exposure to result in intersti¬ 
tial fibrosis; subs^^^S^^imbers of asbestos workers have developed 
interstitial fibrosis a ^direct consequence of their inhalation of 
asbestos dust. A this evidence is beyond the scope of this 

chapter and can be found elsewhere {Selikoff and Lee 1978). The 
questions raised by the combination of cigarette smoking and 
asbestos exposure do not include whether cigarette smoking is an 
independent completing cause of the extensive fihrotic process found 
in many workers following prolonged heavy exposure to asbestos. 
Cigarette 6moking has not been shown to independently cause this 
kind of reaction in the lung. Therefore, this section focuses on three 
questions concerning the relationship of cigarette smoking to the 
roentgenographie changes caused by asbestos In the absence of 
asbestos exposure, are the chest roentgenograms of cigarette smok¬ 
ers more likely to be interpreted as positive for interstitial fibrosis 
than those of nonsmokers? Do cigarette-smoking asbestos workers 
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have a higher prevalence of chest roentgenograms interpreted as 
positive for interstitial fibres is than nonsmoking asbestos workers? 
Do cigarette-smoking asbestos workers have more severe interstitial 
fibrosis on chest roentgenograms than nonsmoking asbestos workers 
for comparable asbestos exposures? 

The determination of whether radiologic findings consistent with 
interstitial fibrosis are present is part of the standard clinical 
interpretation of the chest roentgenogram. However, the Interna¬ 
tional Labour Oifice C1L0) (1930) developed a classification by which 
the roentogeno^^Whangea of pneuiDonconioaia can be measured 
and reported ima standardised way. Small opacities are character¬ 
ized ab roundedpfirre^ilar, and the profusion of the opacities is also 
described and m^^titaied on a numerical scale (from 0/0 to 3/4). 
This ciaasiricatiftFwiS designed as a descriptive rather than a 
clinical tool; as ( 4Srcb<gfi is structured to be sensitive to the earliest 
roe3 tgenogrsnges. This sensitivity allows the investigation 
of early cr MU<jN®lw|. but also may reduce specificity. Using this 
classification, i^ther rn|ld, but not pneumoconiotic, disease in the 
general popiriaKOTpSs^ be interpreted as positive. Indeed, given the 
yaria^fr ga f cauM%^^t«ri.dtial fibrosis other than inhalation of 
jiiotaranic dust,absence of any false positives by this dassifica- 
tioir®H§aId be#tSrprising, and therefore the questions are the 
of > 4 iBi^ P <wUive rate w bether cigarette smoking 

influences thatirate. 

The semiquaijiiiiiS| ILO classification system can have substan¬ 
tia) variability of’Tnte^p rotation, particularly at the lower levels of 
abnormality (\%eigS«S^980). Table 14 shows the differences between 
the highest at^'iow^l categorizations of 32,695 chest roentgeno¬ 
grams interprjted™acpording to the 11X3 classification by three 
different readers as p^rt of a study of asbestos-related disease. In 
general, there agreement, but in a number of cases marked 

differences of |j^tecfin§tatioris occurred, including the same radio¬ 
graphs being ipte^prwipd by different readers as negative (OfO) and 
as subetontiail&^ljes^ve (2/2). Werner discussed some of the 
problems gentf/StSaTSy these differences in interpretation and 
offered some potential remedies, but the data pointed out that a 
system designed to be sensitive to low levels of abnormality may be 
expected to have a some variability of classification, particularly 
around the threshold of abnormality. 

Weiss (1%?, 1969) published a pair of studies evaluating the 
prevalence of a roentgenographic interpretation of interstitial 
fibrosis in smokers and nonsmokers drawn from the general 
population, The first study involved the examination of 70 mm chest 
photofluorogTams of 999 men and women who came consecutively to 
the central survey unit of the Philadelphia Tuberculosis and Health 
Association, The films were evaluated for increased bronchovascular 
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markings or diffuse pulmonary fibrosia; 3.1 percent of the subjects 
had abnormal films, with a prevalence of 1.5 percent in nonsmokers 
and 4.4 percent in cigarette smokers. Dose-response relationshipa ' 
were present for the number of cigarettes amoked per day and for 
the duration of smoking. A second study evaluated 2,325 adults, 
again using 70 nun photofluorograms; this time interpretation was 
by readers other than the author, and the purpose of the evaluation 
was to examine tho population for COLD rather than for interstitial 
fibrosis. The pVeyi*^«asje of diffuse interstitial fibrosis was 0.6 percent 
in nonsmoker^pId'lO 5 percent in smokers. 

Kilbum U9|l) crifeiied these studies on the basis of their use of 
70 mm films dtut.-|ihe failure to use tha ILO criteria for grading the 
roei>tgenograt |»^Btd tetn and colleagues (1984) applied the ILO 
criteria to 200 : adniissipn chest roentgenograms at an urban universi¬ 
ty medical cer^^^^all opacities with profusions of 1/0 or greater 
were found in^^ffik^sreent) of the Subjects, none of whom had a 
dncumentable WiSr'Isposure or any known medical disease that 
caused inters^i%^pg disease. Of the 22, 12 (55 percent) were 
current or fortnerfciga.'ette smokers. Murphy and colleagues (1978) 
the in examining 68 shipfitters and pipefitters 

\nfjimgyknown.a^pesure to Asbestos who were selected to serve as a 
control jjroup study of similar workers with known exposure to 
Of workers. 60 had chest roentgenograms 

classified as 0f"|ur les^j 6 1.8.3 percent) had readings of 1/0 to 1/2, and 
1 had a readingj§Hgwi^ than 1/2. A previous study of the same group 
of workers (MurpljiJ^gt al. 1972) had classified 14 percent of the 
controls as hai^i^wg|vt abnormalities (1/0 to 1/2) ar.d 2 percent as 
has having moceraSeTy* advanced abnormalities (2/1 to 2/3). None of 
the control gri}9)5^#‘Sr« classified has having more advanced disease, 
and the resulW.wereji|fc presented by smoking status. 

In EummarypSiPilta suggest that a small percentage of chest 
roentgenogTant^jgk^lhiS general population may have changes that 
can be interpdrll^iiis^interstitial fibrosis, and that slightly larger 
percentages ofy^y^Lced patients and shipyard workers with no 
known asbestbfc’" expos'd re may have chest roentgenograms read as 
positive for interstitial fibrosis by the ILO criteria. Both the 
prevalence in these populations and the severity of the changes are 
far lower than those found in populations with significant asbestos 
exposures (Murphy et al. 1978), and they may reflect the sensitivity 
of the chest roentgenogram and the ILO classification to other causes 
of lung injury. The "dirty lung" described in smokers (Fraser and 
Pare 1979) may contribute to the smoking-related prevalence of 
"diffuse interstitial fibrosis" described by Weiss (1969) in the general 
population, but it is unlikely to be confused with the more advanced 
forms of fibrosis found in severe asbestos-re'ated lung injury. 
However, the prevalence of changes in the general population, 
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particularly in the population of shipyard workers with no known 
asbestos exposure, suggests that classifying a mildly positive chest 
ntgenogram as asbestos is in the absence of a clear exposure 
history should require other confirming evidence of asbestos-induced 
; lung injury. This caution may be particularly true for cigarette 
^mokers. 






Interstitial Fibrosis ffii'Aj^fcjtos-Expowd Populations 

As was mentionedftifflier,'cigarette smoking is not a competing 
use of the diffuse ^evere interetitial fibrosis that occurs in some 
^workers secondary tp tKjgir |nhalation of asbestos dust. However, 
,stsfa*isisis- (Cosio e t ai. 1978 ; Berend et al.1979) 
atory bronchioles (Wright and Churg 
se of the small airways to cigarette 
inflammation that is 
se to cigarette smoking. These bron- 
| the early response to asbestos dust 
^therefore the threshold for radiologic 
may be crossed more frequently, or 
of asbestos exposure in cigarette-smoking 
namoking workers. In addition, the 
rette smoke may enable or facilitate 
dust. Therefore, the question of a 
relationship between asbestos exposure 
■s for smoking and nonsmoking asbestos 
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the predominant ear 
g^et^oles are also the 
(CS&ighead et al. 19. 
rceptio##'*,-. ab 
arlier. ot^Mi^ower 
JSSiSSF* lh : 

ilainmatory response 
,e fibrotic response 
ifferent exposure-res 
nd roentgenographic 
workers should he co: 






t Weiss (19841 recen^ty^rsKviewed the evidence relating cigarette 
rooking and roentgenograph|c fibrosis in asbestos-exposed popula¬ 
tions- In Table 15, dr|§§gfg§jih this review, is shown the prevalence 
radiologic "asbestoqjs" in studies of asbestos-exposed populations, 
general, the prevall!Si^ipws% higher in smokers than in nonsmok- 
in several studies t^.^dj^rence was statistically significant. The 
ighest prevalence r d$Wiof : smokers compared with nonsmokers 
^re recorded in the populations with the lowest overall prevalence of 
^bentgenographic fibrosis, and it is the studies where 9 high 
prevalence of disease is present that show similar rates of roentgeno- 
j^-aphic fibrosis among smokers and nonsmckers (if studies of 
pulations of less than 100 are ignored). This observation is in part 
biigatory result cf the mathematics involved (a given difference 
evidence between smokers and nonsmokers produces a smaller 
prevalence ratio when there is a high prevalence than when there is 
a low prevalence), but it is also the effect that would be expected if 
the effect of smoking were a small independent risk of radiologic 
fibrosis or if the effect was to increase the frequency with which 
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smoking asbestos workers cross the threshold for perception of 
roentgenologic abnormality. 

The demonstration of an increased prevalence of roentgenographic 
changes interpreted as fibrosis in cigarette Smokers does not 
establish that the changes are produced by smoking. As has been 
discussed earlier, cigarette smokers may have had a different 
cumulative asbestos exposure than nonsmokers in some of the 
populations studied. Liddell and colleagues (1982) examined the 
prevalence of toenjy|||icigTaphic fibrosis in a group of SIS asbestos 
miners born §jejPfCT! 1891 and 1920 and found an increased 
prevalence of^roentgenogTaphic fibroais with increasing age and 
cumulative flsipfikK.e'iiposuM. Smokers and noosmokere had similar 
prevalences but the smokers had marginally lower 

cumulative aslesws'exposure. Harries and colleagues (1976) exam¬ 
ined a young^H^poflplation of shipyard workers with a lower 
prevalence of r|«nti§apgraphic fibrosis (Table 16). The prevalence of 
changes was sjli^fffj^higher in smokers than in nonsmokers, and 
seemed to .nctease,:.W smokers after 10 to 14 years of asbestos 
exposure in cSm?sSrii£»n with after 20 to 24 years of asbestos 
expo^yxs for ni^j^pj^ra. Dosage measures were not available For 
thii^udy. Samet anif colleagues (1979) examined a population of 383 
asb^^^^vorkef^^th a prevalence of roentgenographic fibrosis (1/0 
4 $ of jiajMfesqtfe ent- They tested for interaction between 

smoking and asbestos exposure and found a small additive effect for 
roentgenograp^P^&^ges, but no synergism between cigarette 
smoking and asbeSto^exposure. Rossiter and Berry (1978) examined 
the interaction.^piSfibiipng and duration of asbestos exposure in a 
population prevalence of roentgenographic fibrosis and 

found a durati^n*reappnse relationship for asbestos exposure only 
among cigarette smok^re. The number of workers at risk in the 
nonsmoking «piS&|^was small, however, making it difficult to 
determine whether. tjjg. absence of a dose-response relationship in 
nonsmokers reit»qpf*flom differences between smokers and non- 
smokers or reflection of the low rate of disease in the 

population. - s 

In summary, cigarette smokers appear to have b higher prevalence 
of radiologic abnormality compatible with interstitial fibrosis than 
nonsmokers among populations of asbestos-exposed individuals with 

low prevalence of roentgenegraphic fibrosis (and presumably low 
levels of asbestos exposure). This difference is not apparent in 
populations with higher prevalences of roentgenographic fibrosis 
(end presumably higher asbestos exposures). One study (Harries et 
al. 1976) suggested that cigarette smokers develop an abnormal chest 
roentgenogram after a shorter duration of asbestos exposure than 
nonsmokers. There is little evidence to suggest that smokers develop 
more severe fibrosis (in contrast with a higher prevalence of fibrosis) 
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TABLE 16. 


-Prevalence (percentage) of suspected or 
definite pulmonary fibrosis among 234*0 male 
In-yard British dockyard workers during 1972 
and 1973, by smoking habit and duration of 
asbestos exposure 
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thin nonsmokers^S^Ktse data are consisisnt either with a small 
independent .Jnterstitial fibrosis on chest roentgenogram 

produced by s$ngjkin£ (as suggested by the studies in non-asbestos- 
exposed populations) ^being added to the risk of fibrosis due to 
asbestos expos^sssi&glrith the combination of asbestos-induced and 
Smoking-induced changes in the small airways resulting in asbestos 
workers who s^tSipiSi^issing the threshold for perceptible abnormali¬ 
ty earlier than nijnsraokers. However, it 16 clear that if cigarette 
smoking contdimretK"^ the development of interstitial fibrosis in 
asbestos-exposed workers, the contribution, is a minor one in 
comparison with the effect of asbestos dust exposure. 

immunologic Response to Cigarette Smoke and Asbestos 

Dust 

There is an extensive literature on both animal models and 
humans regarding alterations in the immune system following 
exposure to either asbestos or cigarette smoke; however, clinical and 
laboratory studies of combined exposure to asbestos and cigarette 
smoke are more limited. 
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Humoral Immunity 

Two independent studies (Kagan et ai. 1977; Hutiskonen et a], 
1978) reported elevated polyclonal immunoglobulin (Ig) levels in 
populations of workers with aabestosis. Lange (1980) also correlated 
serum Ig levels with asbestosia, This study differentiated groups by 
sex and age, characteristics that can also affect the immune system. 
Cigarette smoking did not significantly correlate with serum Ig 
levels, whereas in^*idua|3 with roentgenographically demonstrated 
asbestos is had increased levels of IgA and IgG. Asbestos workers, 
including those With Interstitial fibrosis, were also evaluated for 
symptoms of chrcfSteJjoiichitiE. Male workers exhibiting symptoms 
for longer than fi| 
workers without 
present for less tl 
in a subgroup of 
assessed by the 
number of cigarei 
5 , the achestotic pr 
* respons||j^ for t! 
have Bi&fcTrepoi 



nmu 
with deraonstrabl 
alteration is invi 


' 1 |d lower IgG and IgA values than asbestos 
ronchitis or with symptoms of bronchitis 
,rs. Elevated IgA or IgM levels were found 
toe workers who were heavy smokers, as 
of smoking multiplied by the average 
ed per day. The authors concluded that 
not the presence of chronic bronchitis was 
rum IgA and IgG levels (variable results 
Lng the level of serum IgA with chronic 
1970; Medici and Buergi 1971; Varpela et al. 
level alterations were found in workers 
ting disease. Therefore, it is unclear whether this 
e pathogenesis of the disease or is an 



epiphenomenon, b the measurements were made when dis¬ 

ease was already pj 


Cellular Immunity*^" 


Wagner and 
peripheral blood 
exposed men. T l; 
lymphocytes to rolet; 
1 1/2 hours <T h 






(1979) evaluated factors affecting the 
and T lymphocytes in 138 asbestos- 
subsets were identified by the ability of 
erythrocytes, after incubation either for 
) or overnight CT suppressor cells). Age, 
length of asbestos exposure, smoking history, evidence of roentgeno- 
graphic fibrosis or pleural changes, and spiromstric abnormalities 
were assessed. The smoking history in these asbestos-exposed 
workers was the factor that correlated best with lymphocyte 
changes. The group with roentgenegraphic changes of asbestos is and 
a history of smoking had an increased percentage in E-rosettes after 
1/2 hours. This suggests an increase in the number of the T helper 
ells. Among workers with parenchymal chest roentgenographic 
changes, those who smoked had an increased number of the T helper 
cells compared with those who did not smoke The number of T 
suppressor cells was not affected by the smoking history or by 
roentgenogTaphic change. 
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Age and smoking as individual factors affecting lymphocyte] 
percentage or number have also been assessed. There is some] 
controversy about the effects on T lymphocytes. Silverman and] 
colleagues (1975) showed no correlation between percentage of Ta 
lymphocytes and smoking or aging. Friedman and colleagues {1973)1 
and AJexopoulos and Babitis (1976) did not demonstrate the effect oft 
age on the percentage of T lymphocytes, but the absolute number of_ 
lymphocytes i ; ediined.,with age. Teasdale and colleagues (1976) and 
Smith and coUe*gu«%l97A) demonstrated a decline in the percent¬ 
age and total ftft umber of T lymphocytes with age. Friedman and 
colleagues (19?3) sfiSwed that the total number of leukocytes, 
including lymphocytes, increased in smokers until age 50, and then 
declined. 

The effect exposure on lymphocytes was atudied by 

Kang and colldhgUjp, (1974) and by Kagan and colleagues (1977) The 




of investigators were similar. Kang and 
reused erytlirocyte-bi.nding lymphocytes. Ka- 
■ed a. decrease in percentage and in absolute 
■ tea in a group of worker* with asbestos 
contributing factor was not reported in these 



findings of bop§§ 
colleagues re 
gan and colie 
number., of T j 
exjwMira.Smo 
twd ; 8&f&te> |i 

colleagues (19" 


ftndings were substantiated by Miller and 
5 Vht use of monoclonal antibody markers to 
differentiate l§§|£ilj§S£cyt* subsets. Smoking, length of asbestos 
exposure, and cKest^x-ray findings were evaluated, A decrease in 
percentage of T,|^60Wocytcs (0Kn.jin*l and in the suppressor subset 
of T lymphocytpFfl&Ky^* i>*), with an increase in the ratio of helper 
7 cells to suppressors!Is (OKtuw ji*10Kh»i n«), was found in the 
group of 40 asbeslonexdosed individuals compared with nonexposed 
individuals. Th§ii§*§Ji& short asbestos exposure (less than 5 years) 
were similar tQ ^coptnjls. and those with mere than 5 years of 
exposure had ^^i^ormetUties. When assessing radiographic 
changes, those ^at^ji^ehest roentgenographic changes had lympho¬ 
cyte parameteis^fmvrar to nonexposed individuals, those with 
pleural plaques had increased circulating helper cells (OKtwa «”■), 
and those with interstitial changes had decreased percentages of T 
lymphocytes (OKiw, *♦) and suppressor cells (OKnwt n*) and an 
increased ratio of helper to suppressor cells (OKru^* *,»}■ 

Smoking habit did not influence these results. Miller and colleagues 
(1983) theorized several possibilities to explain the findings The 
asbestos exposure may initially stimulate the immune system, 
accounting for the increase in the helper cells in subjects with 
pleural plaques. There may be an isolated toxic effect to suppressor 
ceils affecting the percentage of this subset, and thus the total 
percentage of T lymphocytes. Lymphocytes may be distributed in 
organs (i.e., the lung! once fibers are inhaled, and thus the peripheral 
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blood lymphocyte parameters are altered. Although the differences 
are most striking in subjects with roentgenographic changes, the 
lymphocyte alterations may not be related to the pathogenesis of 
these changes, but may be a secondary change due to chronic disease. 

In other studies (Ginns et aL 1982; Miller et al. 1982), smoking was 
also found to cause T lymphocyte subset changes. These changes 
were found in heavy smokers (50 to 120 pack-years) and not in light 
to moderate senders <10 to 49 pack-years). Heavy smokers had 
increased total T lyra$d«)fcytes (0 Ktuu»»*), a decreased percentage of 
T helper cells (Olpiiii <)*■),' an increased total number of T suppressor 
cells (OKiw w*), pnd ax% creased ratio of helper to suppressor cells. 
Be Shazo and colleagues (1983) also examined lymphocyte subsets 


in 31 current 
healthy controls 
confounding effi 
had significantly 
lymphocytes in 
depopulations r< 

|helper-inducer T 
propo^SS^ Th 

0r i 5 

with age. No rela 
logic aberrations r? 
Of pneumoconiosis, 
abnormalities of 




worker* compared with 62 
djustmenls had been made for possible 
race, and smoking. The asbestos workers 
percentages and numbers of B and T 
heral blood. Analysis of T lymphocyte 
at total T cell numbers {OKivu* a*) and 
uiqbers (OKjw a*J were decreased by similar 
km were negative!* correlated with time 
ure to asbestos. In both workers end controls, 
xatfy£ o gesponse to phytohemagglutinin was corre- 
umber cf (OKn^ <>*) cells and negatively 
as detected between any of the immuno- 
Th^.he workers and the raoiographic category 
Utes of cumulative asbestos exposure, or 
P3^y function. 

Lymphocyte function was assessed by Campb ill and colleague;. 
(19801 by the niltogen'^ymphocyte transformation response of 
peripheral blood Ij^^jog^tes. Allowing for the decline in response 
seen with increasing 'age, there was an increase in response to 
phytohemagglutin|#jg§§Skt^ and pokeweed mitogen (?WM) in asbes 
tos workers who smoked compared with ex-smokers and nonsmok- 
ers. These llndin|^j§£$^ in agreement with those reported by 
Haslam and colleagues (1978) 

Sisler Chromatid Exchange Frequency 

An in vitro cytogenetic assay, sister chromatid exchange (SCEl 
Frequency, has been utilized to demonstrate chromosomal breakage 
Vi different mammalian cell lines following exposure to asbestos. In 
study reported by Rom and colleagues (1983), 25 asbestos insulators 
had a small increase in frequency of SCE in peripheral blood 
lymphocytes compared with controls. The SCE rate increased 
slightly with increasing years of exposure to asbestos, when age and 
smoking were controlled. Smokers had similar rates of occurrence of 
SCE among both controls and asbestos workers. In nonsmokers. 
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these with asbestos exposure had a significantly increased SCE rat 
compared with controls, Butler (IS 80} and Crosscn and Moi 
(1980) did not detect a difference in SCE frequency. 


exposures 
become a rai 
work careers.? 
increasingly d, 
rates among 
general populi 
associated will 
be reduced b; 
persists, even 

cuitPU-S. 

zsmm dust 

sMb* M bi 

exposure of wi 





Public Health Implications 

The data are unequivocal that cigarette smoking and asbestca 
exposure Jia^*prodaced substantial death and disability. The' 
residual pubfis^pilftfe questions generated by these data focus on 
how to redtuii? the future risk of illness and death. As asbestos 
clinically disabling interstitial fibrosis should 
lenon in workers currently beginning their 
toe exposures are reduced, it will become 
identify an increase in lung cancer death 
workers that is greater than those of the 
ile the risk of developing mesothelioma ia not 
ig, the risk of developing mesothelioma should 
er exposure levels that currently exist but 
low levels of exposure. A reduction in the 
(2f/cc) is being considered; once adequate 
s are applied and" enforced, future gains in 
,ure are likely to come from reducing the 
fleers employed in jobs other than ashes toe mining 
and manufact(^gg^|||\ese jobs include construction workers who 
may be exposed^'dmirig the demolition or remodeling of existing 
structures oons^rajS&& with asbestos materials, and maintenance 
workers who - be similarly exposed to existing asbestos-contain¬ 
ing materials. ^Guxxant concerns are the risk involved in removing 
asbestos from 'existinglibuildlngs in order to reduce environmental 
contamination i^i^sliieed to educate the workers involved in these 
tasks to prevent their exposure as they remove these materials. 

Unfortunate^^^|can be done to reduce the currenl asbestos 
burden in workers |ex posed prior to the introduction of environmen¬ 
tal controls. workers, it is clear that the single most 

important intervention that would alter their future disease risk is 
the cessation of cigarette smoking. The elimination of cigarette 
smoking in this population would not only substantially reduce the 
number of future lung cancer deaths but also moderate the 
contribution of cigarette-induced COLD to the restrictive ventilatory 
limitation that may develop in these workers. The issues of liability 
and responsibility for the disease that is occurring in these workers 
will continue to be argued for an extended period of time, but these 
arguments should not confuse or impede the efforts to alter the 
future disease risk in these workers. The goal is not, and should not 
be. w eliminate only that disease burden attributable to future 
asbestos exposure, but rather to reduce as much as possible, by any 
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means possible, the enormous risk of death and disability that 
currently exists for these workers. Smoking cessation is therefore an 
^ intrinsic and essential part of any effort t<D reduce asbestos-related 
disease and disability. 


Summary and Conclusions 

1. Asbestos exposure can increase the risk of developing lung 
cancer in botfi ci^f«|te smokers and nonsmokers. The risk in 
cigarette-smokle^'eLshestoa workers is greater than the sum of 
the risks of the indereodent exposures, and is approximated by 

1 multiplying tfe w^ksijf the separate exposures. 

2. The risk of lung cancer in asbestos workers 

increases with increasing number of cigarettes smoked per day 

tive asbestos exposure, 
lung cancer declines in asbestos workers 
n compared with asbestos workers who 
tion of asbestos exposure may result 
f developing lung cancer than continued 
of developing lung cauce.' appears to 


and increasini 
3. The risk of do; 
who stop smokingw’ 
continue to s 
in a lower risk 
exp&ure. 



ly elevated even 2? years after cessation of 


Digarette smc 
independent and 
Nonsmoking 
ities (restrictive 
develop both j 
lung disease f#&vdeE 
evidence does not 
workers have! 
their emokir 
h. Both ciganttj 
increased re 
absence of ci^ 



asbestos exposure appear to have an 
i'/e effect on lung function decline, 
workers have decreased total lung capac- 
Bse). Cigarette-smoking asbestos workers 
ve lung disease and chronic obstructive 
ned by so abnormal F£V,/FVC). but Ihe 
suggest that cigarette-smoking asbestos 
'EV/FVC than would be expected from 
'habits qlone. 

ng and asbestos exposure result in an 
airflow in the small airways. In the 
aoking, this increased resistance in the 
small airways docs not appear to result in obstruction on 
standard spirometry as measured by FEV,/FVC. 

6 . Asbestos exposure is the predominant, cause of interstitial 
fibrosis in populations with substantial asbestos exposure. 
Cigarette smokers do have a slightly higher prevalence of chest 
radiographs interpreted as interstitial fibrosis than nonarnok- 
ers, but neither the frequency of these changes nor the severity 
of the changes approach levels found in populations with 
substantial asbestos exposure. 

7. The promotion of smoking cessation should be an intrinsic part 
of efforts to control asbestos-related death and disability. 
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Introduction 

An association between respiratory disease and coal mining has 
been recognized since the 16th century, when Agricola and Paracel¬ 
sus wrote of the diseases of miners (Hunter 1378). The first 
description of coal workers' pneumoconiosis (CWP) was given in the 
early 1800s by Laennec (Meiklejohn 1051) when he described cystic 
and noncystic melanotic masses in the lung, and in addition, 
melanotic parertchymal infiltrates in the lung. The melanotic masses 
were almost certg^jP^rogressive massive fibrosis CPMF) and the 
block infiltrate^lSmple CWP. It is clear from Laennec a description 
that he recognised association between cool mining and the 
deposition of "Li mStiert noire pulmonaire." An excellent history of 
coal miners’ lunj- *r«:.-aie in Great Britain can be found in a series of 
articles by Meiklg^nnJpSl.1952a, 1952b). 

Over the year)£*br^g? number oT names have been attached to the 
conditions that lungs of coal miners. Many early physi¬ 

cians assumed that there was a single respiratory condition arising 
from coal dust which was variously referred to as spurious 

melanosis, rcine«fj|sy\ma, anthracosis, miners' phthisis, and silico¬ 
sis. paiSSg^ra^time, it became evident that, aside from the 

Jungf^fiSKiiMes ttgU^pommonly affect the general population, coal 


.^^elop occupationally related lung diseases, 
pneumoconiosis, silicosis, and chronic bronchi- 
1976). Silicosis is covered elsewhere in this 
dhapter discusses coal workers' pneumoco- 
itis. 

"ttirpbrtance of exposure to coal dust in the 
development of pWRds^generaUy accepted, and complicated CWP is 
clearly associated with| significant and often disabling chronic 


r M5§§|* P ro 

.namely coal wo 
tis (Morgan am 
Kefort; therefore 
niosU and ihronij 
The paramo' 



airflow limitati< 
(Morgan and Sc; 
the magnitude 
contributory fac] 
ma. The effects 




11 as with other respiratory impairments 
; Morgan and Lapp 1976). Less certain is 
role of coal mine dust as a cause or 
development of bronchitis and emphyse- 
ntinued inhalation of coal and other dusts 
are currently of major interest to epidemiologists and to those 
practicing occupational medicine. Clearly the results of the studies 
designed to characterize the effects of coal dust on lung function are 
of vital importance to officials concerned with compensation for 
occupationally related pulmonary disability. In these studies it is 
important to evaluate as potentially independent effects the role of 
coal dust in producing radiologic CWP and the role of coal dust in 
producing physiologic airflow obstruction (Weeks and Wagner 1986). 
This separation of the radiologic and physiologic responses to coal 
dust is even more critical when considering the effects of combined 
exposure to coat dust and cigarette smoke 
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The respective contributions of cigarette smoking, dust exposure, 
and other environmental and occupational Factors in the develop¬ 
ment of respiratory impairment in coal miners are examined in this 
chapter by reviewing the evidence currently available from mortali¬ 
ty and morbidity studies of coal miners compared with" appropriate 
reference populations and the evidence on the frequency and extent 
of pulmonary impairment in coal miners. The roles of dust, cigarette 
smoking, and various confounding factors are taken into account and 
apportioned where 

At the present there are approximately 150,000 underground 
coal miners in the^U-nited^Slates. Ten years ago, the figure was about 
170,000, but the jtldS^ire of a number of mines in Appalachia has 
reduced the numl§!£SS$iSiployed underground miners. In addition, 
60,000 to 70,000 wqjkers.gi’e employed in open cast or surface mines, 
but this number changing. Exposure to coal mine dust 

is greater in tho Apaaftik ed underground; miners working at the 
face or in transportation are the most heavily exposed. Miners 
employed undergi^pi^ maintenance aid other activities are less 
I'.xposed, and surfaice twiners are the least exposed (Doyle 19701. 


Prevaffenct of Snf^^ig In Coal Miners 
T^e^lfevllence^Mliii&'.ng for various populations of miners in 
different countrie%(jgwy|a|ring different time periods is presenled in 
Table 1. in geneflfttv^ie'prevalence of amoking among U S. coal 
miners is currently jdgp&r to. or slightly higher than, the rates in 
the overall US. pMe.,,p^pulation. However, coal mining as an 
occupation introd agg^,d istortion in the pattern of smoking because 
of the prohibition against ipoking while in the mine. As a result, the 
entire consumptio&j^s^rajS-ettes by miners is limited to those periods 
when they are nait^urulergT’aund; for a given number of cigarettes 
smoked per day. among miners would consist of periods 

of mare intense smdkin^ interspersed with long periods of not 
imoking ti e., dui^PM|ing hours), in contrast to the more even 
consumption of cigarettes throughout the day that characterizes 
most cigarette smokers 


Coal Workers' Pneumoconiosis 

Coal workers’ pneumoconiosis (CWP) is definod as the deposition of 
s^oal mine dust in the lungs and the reaction of tissue to its presence 
(Morgan and Sealon 19B4). However, the term is commonly applied 
only to the chest roentgenographic changes produced by coal dust, 
and the other tissue responses to coal dust are classified by their 
symptomatic, physiologic, or pathologic manifestations (e.g., chronic 
bronchitis, airflow obstruction, or emphysema). The radiologic 
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manifestations of CWP are classified into two forms: simple, and 
complicated (often known as progressive massive fibrosis, PMF). 
Simple CWP is a reaction solely to the inhalation of coal duet 
Although the efficiency and integrity of the lung defenses are 
important factors in the development of disease, cumulative dust 
exposure is of paramount importance. Characteristically, after a 
period of exposure, Le., 10 to 15 years, small rounded opacities begin 
to appear in the upper lung fields of some miners. With continued 
exposure, they ghtdjpajhr spread to the middle and lower zones, and 
the increasing profusion of these opacities is used to categorize 
simple CWP oni& 0 to 3 scale. The opacities are indistinguishable 
from those 6eensin silfiSbsis. Simple CWP does not progress in the 
absence of furth er eljgoaa re. Moreover, increasing category of simple 
CWP is not as^ijereillw'Vith a decrement in ventilatory capacity 
(Cochrane et al. 1991' Silson and Hugh-Jones 1955; Morgan et al. 
1974). f " 

Complicated Sfefined as the presence of an opacity greater 

than 1 cm in diameter ;pn the chest radiograph of a subject who 
already has simpleCWPcILO 1980), and the volume of lung occupied 
^n the radiograph is used to categorize 
tegory A, B. or C. For the most part, 
etops on a background of category 2 or category 
for its development is the presence of a 
the lungs, plus; some other factor or factors 
or understood. 


■by the large e 
comptlrarwd C 
compliSiti 
3 air asle- CWP. 
fairly high dust 
as yet not fully 



Prevalence of 



'brkers‘ Pneumoconiosis 


In 1969 the NdttdnaTtSoal Study was commenced by the National 


Institute for Ooc 
3972). Selected fqr stud, 
were anthracite 
overall CWP preji 
had PMF. A dec; 
there was a cte; 
ground and radl 
common in workers et 



Sa fety and Health (NIOSH) (Morgan et el. 
ere workers at 31 coal mines, of which 2 
were bituminous. In the initial survey, an 
f nearly 30 percent was found; 2.5 percent 
Erevalence was noted from east to west, and 
tionship between the years spent under¬ 
category. The disease was much more 
the face than in surface workers. The 


prevalence of CWP in this study was undoubtedly overestimated, 
however. Part of the reason was that the early films were interpre¬ 
ted according to the 1958 International Labour Office (1LO) classifi¬ 
cation. In addition, some of the readers were inexperienced and 
tended to overread The second round of the National Coal Study 
revealed a prevalence of 8 percent; the findings at the third round 
were just under 5 percent, with 3.85 percent having category 1: 0.48 
percent, category 2; 0.04 percent, category 3; and 0.17 percent. PMF. 

The decline in the prevalence of pneumoconiosis noted between 
the first and third rounds of the National Coal Study is partly 
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accounted for by the use of different readers, partly by more 
stringent reading criteria, partly from the use of the ILO standard 
films as yardsticks, and partly from improved coal dust control. An 
exodus of workers with higher categories of disease between the first 
and subsequent accumulations of subject!; with radiographic evi¬ 
dence of pneumoconiosis also played a role, since those 'with CWP 
qualified for compensation. 

Both simple CWP and PMF are relate] to cumulative lifetime 
exposure to coal d us L'Tner-ed Jet ion or elimination of category 2 and 
category 3 simple 1^$*^ rough effective dust control not only is 
possible but is rapidly beir.g achieved in the United States and Great 
ice complicated pneumoconiosis develops 
Jwho hove the higher categories of simple 
dust burden), the effective prevention of 
simple CWP should almost completely 
removal from further coal dust exposure 
;ories of simple CWP should alto aid in 
IF. 


Britain (Jacobsen 
almost entirely in 
CWP (i.e., those wi£ 
category 2 and 


eliminate PMF ta 
of miners with e; 
reducing the incid 



Pulm 
Co nap 




normalities in Simple and 
drivers' Pneumoconiosis 


development of o 
These include an|j 
abnormalities of 
increase in lung vd 
lung volumes is 


of simple CWP are associated with the 
llatively minor pulmonary impairments, 
alveolar-arterial gradient for oxygen, 
uitributiou or inspired gas, and a modest 
iMorgan and Lapp 1976). The increase in 
etice of the focal emphysema that is an 
integral part of tK^LfiftSfeotair/ found with simple CWP (Morgan and 
Seaton 1984). ' \ 

Complicated pnjg^j^piosis is associated with a reduction in lung 
volurhe and diffu£ihg“capacity, ventilation perfusion mismatching, 
an obliteration a>|9£^M§ction of the pulmonary vascular bed that 
leads to nonhypajucjpulrponary hypertension and cor pulmonale, 
and with the pres^^^^|eneralized airways obstruction (Gilson and 
Hugh-Jones and Seaton 1955; Lyons et al. and Seaton 1981; Morgan 
and Seaton 1984). 

Relationship of Small Opacities to Emphysema and 
Airways Obstruction 

The small opacities present in the lung in the various pneumocon¬ 
ioses can be classified as either rounded (regular) or irregular. 

Small rounded opacities have a fairly rounded and regular margin. 
They are classified according to their size into p, q, and r types; p is 
up to 1.5 mm in diameter, q is between 1.5 and 3 mm. and r is 
between 3 and 10 rant Usually only one type of opacity is present. 
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but mixtures are occasionally found in the came lung. The reading of 
the film should be based on the predominant opacity noted. 

Irregular opacities are also classified according to size: a opacities 
are up to 1.5 mm in width, t opacities are between 1.5 and 3 mm 
wide, and u opacities are between 3 and 10 mm. Irregular opacities 
are characteristically seen in asbestos is. In some smokers scanty 
irregular opacities may be observed. 

Rounded and ; jrregutar opacities occasionally occur together, 
usually in a person Vr’bo.has experienced various exposures or in a 



or coal workers' pneumoconiosis who also 



person with eithe 
is a heavy smoker.' 

| 

Lung Function 

A number of in 
type of opacity 
diffusing capacit; 


Wi(A Rounded or Regular Opacities 
ions have shown that the p, or punctate, 
irnple CWP is associated with a reduced 
Hi et a). 1963; Lyons et al. 1961; Seaton et 
at. 1972; Musk et ill. 1981k In addition, an increased parenchymal air 
space site has als|^P^served in subject* with a p type of opacity 
(Hankinson et aL 1979). |so detectable difference in lung function 
betw e|8Bi8 bjects p, q, or r type of opacity -was observed in 

T^ese.,,gby sioi t|pca| changes have a.so been demonstrated in 
r.on^rdoKing nxiae$Swlw|iinpU CWP (Hanldnson et al. 1979; Seaton 
et al, 1972). The lung function that were tested in the 

miners with the pSpd ^opacities were similar (Hankinson et al. 
1979) except for the d^^»ing capacity, which was significantly lower 
in those with lype of lesion (Seaton et al. 1972). Static 

compliance was r wuced jiarginatly, but not significantly, with the q 
type of opacity, flic lypepf opacity was not significantly related to 


differences in dy: 
(Seaton et al. 197 
Musk and colic 
miners identified : in 
coal workers and 


ipliance at increased rates of breathing 


1) examined the lung function in 125 coal 
P as having the simple pneumoconiosis of 
9 years later. Pulmonary function was 
related to both smoking history and coai dust exposure. Miners who 
smoked in 1973 had lower forced expiratory volume in I second 
(FEV,), forced vital capacity (FVC), and F£V,/FVC ratio and a 
higher ratio of residual volume to total lung capacity (RV/TLC) 
compared with nonsmokers. Ex-smokera had a lower carbon monox¬ 
ide diffusing capacity (DLCO) than nonsmokers. Total dust exposure 
was inversely related to FVC and lung elastic recoil at TLC. After 
correcting for the effects of age, height, and smoking category, 
miners whose radiographs showed predominantly p and r types of 
opacities had a reduced DLCO when compared with miners with the 
q type of opacity In the researchers' experience, irrcgularopacitics 
were also associated with a reduced DLCO, and were thought to 
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reflect the presence of both emphysema and diffuse fibrosis. In 
addition, the r type oTopacity, but not the p type, was associated with 
reduced maximal recoil at TLC. and reduced recoil at 50 percent of 
TLC and at l L below TLC, and with an increased RV and RV/TLC 
percent compared with miners with the q type of opacity. The 
decreased compliance in subjects with the r type of opacities noted by 
Musk and colleagues (1961) may be a consequence of the exposure of 
some of these .subjects to silica. Irregular opacities were not 
associated with increased obstruction or with smoking; here the 
results of Musk apdfi&l^agues differ from almost all other studies. 


p!:x> 


Lung Function ifT.'i 

The significam 
has been the subject 
colleagues (1974) 
between the pr 
impairment of F 
in which no smo' 

. dus and colleagues 
opacitjessjp the 
comp{^$|$ioking 
chest ^racfibgrapl' 
br^cWRage. 
associated with tlje 
opacities were o' 
common in those w 
were no significa 



ts With Irregular Opacities 
far opacities in the lungs of coal miners 
a number of investigations Lyons and 
out that there was a positive association 
irregular opacities and emphysema and 
rfrortunately, this was a post-mortem study 
ries were available. Subsequently, Aman- 
investigated the significance of irregular 
,166 working U S. coal miners for whom 
tories were available. Irregular opacities on the 
;ere, shown to be associated with-smoking, 
worked underground. Smoking was not 
resejice of regular opacities. Although irregular 
n nonsmokers, they were 2.5 times more 
ioked. Among nonsmoking miners, there 
erences in the lung volumes or How rates of 



the men with normal c^hest x rays, irregular opacities, rounded 
opacities, or mtx^3"Spa'c'H.ies. Smokers had similar FVCs in each of 
the radiologic cat ego riqsu^hen compared with nonsmokers, but FEV, 
and FEV,/FYC pi^Pnlowcr and RV and TLC were higher. In 
addition, smoker^ssM^WH^regular opacities had a lower FEV, and a 
higher RV and TDu'thdn smokers with normal chest x rays or 
rounded opacitie3|^|jt$y by Cockroft, Berry, and colleagues (1982) 
of coal workers andfex-w^rkers showed that irregular opacities were 
related to age, smoking, and underground exposure in those receiv¬ 
ing disability benefits. 

Cockcroft, Seal, and colleagues (1982) examined the relationships 
among lung function tests, irregular opacities on chest radiograph, 
and the pathologic changes of emphysema in 46 men who had been 
eferred for lung function tests during life and who had died between 
1970 and 1979. Irregular opacities on radiograph were associated 
with a reduced DLCO and reduced TLC, an increased pathologic 
score for emphysema, and to a lesser extent, an increased pathologic 
score for fibrosis. Smoking histories were obtained in all but Five of 
these workers, and there was no association of smoking with any 
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particular lung function or pathologic finding. However, almost all 
of the subjects in the study were current smokers (two were 
nonsmokers and two were former smokers), which limited the ability 
of the study to examine the effects of smoking. 

The majority of the evidence indicates that simple CWP is 
associated with mild overdistension or hyperinflation of the lungs. 
There is some evidence, especially in miners with the n type of 
opacity, that ^tere is also a reduction in DLCO. The decreased DLCO 
does not sppearh^fee^asociated with increasing airways obstruction, 
but with Emphysema. The available data indicate that 

cigarette smoking pjgys a mucn greater role in reducing DLCO than 
does the prescliee^fsfrnple CWP fFrana et al. 1975). 

Irregular oM yimtift ccar occaaionaily in the lungs of coal miners 
and former miners, Jfor the most part, they are associated with 
.is, and years spent underground. Bronchitis 
^denominator in the production of irregular 
sed prevalence of bronchitis in smoking coal 
n for the increased prevalence of irregular 
among smokers in some studies. Irregular opacities 
^ in nop$g!|j^ionally exposed groups (Carilli et al. 1973), in 
exposigjLio silica, in asbestos miners and millers (Morgan 
vh worllirS'iwh^ manufacture manmade fibers (Weill et al. 

other conditions, suggesting that irregu- 


smoking, age 
may be the 
opacities, and 
miners may 
opacities founi 
ar 
su 
1 

in 




lar opaeit-es 
presence of br 


3 nonspecific response associated with the 
egardless of its etiology. 


Respiratory Sfmp-torfls and Exposure to Coal Dust 
The relationSniTp'Tjetween du6t exposure and bronchitis was noted 
|nd Greerthow (1860) in the 19th century, 
ber workers noted a higher prevalence of 
spiratory ailments in the dusty trades as a 
Tarty emphasized the importance of textile dust 


by Thackrah ^1832) 

Although the| 
bronchitis and& 
whole, they pa 
as a cause of br 

Until recently the \ise of the terms "chronic bronchitis" and 
"emphysema" implied that these two conditions were invariably 
associated and that both, for the most part, were related to cigarette 
smoking. In this context, "bronchitis" implied a condition character¬ 
ized by cough and sputum, usually associated with a reduction in 
ventilatory capacity or frequently leading to one (Fletcher et al. 
1959). Subjects with Ihese symptoms who also had concomitant 

chronic airflow obstruction were usually diagnosed as having 
chronic bronchitis and emphysema, assuming from the association of 
the two diseases that they were part of the same process. At the time 
the committee appointed by the Medical Research Council (MRC) of 
Great Britain published its statement (British Medical Journal 
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1966), it was known that not all subjects with chronic bronchitis 
showed an associated reduction of FEV,„ hut the committee did not 
elaborate fully on the implications of the term ’'bronchitis.” It was 
assumed, moreover, that there was a relationship between the 
symptoms of cough and sputum and a decreased ventilatory capaci¬ 
ty, and that sooner or later most or all subjects with chronic 
bronchitis would develop some degree of irreversible airways ob¬ 
struction. The MJit.C'a (1965) division of bronchitis into obstructive 
bronchitis and aimp|!j«|^i>nchitis, a condition characterized by the 
presence of eough|pw sputum in the absence of airways obstruction, 
was the first etej takqn toward a better understanding of the 
implications of a diagnosis of bronchitis. Subsequently, the general 
use of the MRC ^e^l^itaire on chronic bronchitis for symptoms 
without reference to lut)g function led to an appreciation of the 
pathophysiology c^fc^pindition (MRC 1965), and the pathological 
features of bronc^tij^ji&j: described by Reid (1960) in her studies 
provided a means tSiquanatating the severity of the condition. 




relatively large 
tion. and thus 
colleagues (1370) ah 
increased with age rf 
exposure. Shortly 


Bronchitis and (Juat fcjtposure 

Ma^lPthe 6tu8KraR§|riag an association between dust exposure 
and a^^f^ased g^^lence of chrcnic bronchitis have been carried 
~ |1 miners represent a clearly defined and 
Subjects who seldom change their occupa¬ 
nt! ideal study population. Ashford and 
that the prevalence of cough and sputum 
may be inferred, with cumulative dust 
|ter, Rae and colleagues (1971) demon¬ 
strated a relatiohshijg to dust exposure. Kibelstis and colleagues 
(1973) showed, in a U.S. population of more than 9,000 working coal 
miners, that coug^and^iutum were related to dust exposure and 
also to cigarette Bfinoamg. .When only noosmokers were considered, 
there was a gradie|t|5§p|^§ prevalence of bronchitis from the least to 
Ihe most dusty jobs. T^his Occurred independent of age. In smokers, 
the effect of cigar^^f-^^eiking almost completely overwhelmed the 
effects of dust and age. at least as far as symptoms were concerned. 
Similar findings have been reported in Belgian coal miners (Minette 
1976; Vuylsteek and Depoorter 1978). 

The e(Tect of dust and cigarette smoke on bronchial gland 
dimensions in coal miners has recently been investigated (Douglas et 
al. 1982). These investigators demonstrated that both dust and 
jtigareUe smoking had an effect on the Reid index and that they led 
mucous gland hypertrophy. There is thus a fairly widespread 
acceptance that the long-continued inhalation of coal dust and other 
dusts may lend to an increased prevalence of cough and sputum in 
the absence of cigarette smoking. Moreover, it has been demon¬ 
strated that the prevalence of dust-induced bronchitis is related to 


299 


U 


http://legacy.library.’ucsf.ed8Aifli/jlqORttP§/y(MSA/w.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 4021 



? 



cumulative dust exposure (Rogan et a). 1973; Kibelstis et al. 1973). 
The topic of industrial bronchitis is more fully discussed in another 
chapter of this Report, but the data suggest that there is an 
independent and additive effect of coal dust exposure and cigarette 
smoking on the prevalence of chronic bronchitis. 


-h 

I 





Respiratory Mortality In Coal Miners 

Early mortality d£ta <•<" coal miners showed a high death rate from 
respiratory dise^KThii was true for both Great Britain (Registrar 
General 1958) a^nd th% United States (Enterline 1964; Guralnick 
1963). Althoughriiay be some doubt as to the precise accuracy 
of such data, ^B^^|bably true that there was an increased 
standardized mdt^litygratio (SMR) for respiratory disease among 
coal miners. Tl«T^|spas, however, little convincing evidence to 
establish that a major causative factor in this increase. 

Tuberculosis, emphysema, and bronchiectasis were more common in 
coal miners, «ud-»Bw4 : bf the increased mortality could be explained 
by an increased:prevalence of these diseases In addition. Enterline 
(196fPIPfc2) hasfliSmi^in a series of retrospective analyses that the 
SMRt8S$:|coal i^|§g$rs aa a group was elevated, but a substantia! 

the &tcsiKJ«ps a consequence of trauma and accidents. 
When deaths dJI^SWeise excesses were excluded, excess mortality 
still persisted. Muchcf the excess was due to respiratory disease, and 
although the del'Sv.raSe for chronic bronchitis and emphysema was 
reported to be inc£eajP&', so also were the death rates for tuberculosis 
and lung cance^sKhilfei 1 I s easy to postulate a relationship between 
occupation andp}ia.ofi{iitis, it is also clear that bronchitis and lung 
cancer have a Common jtausative agent, namely cigarette smoke. In 
addition, coal rr^^^s^irticularly in the United States, constituted a 
distinctly underprivileged group during the early part of this 
century, and a^$$*£$tili|ffered from overcrowding and poor medical 
care, both of winch; contributed significantly to b higher death rate 
fiotn bronchiecpliis aired tuberculosis and other infectious diseases. 

Over the past two decades, a number of well-controlled epidemio¬ 
logical studies of morbidity and mortality of coal miners have been 
carried out in both Great Britain and the United States. Liddell 
(1973a) looked at the frequency of time off from work because of 
illness in a cohort of 29,084 men. He showed that miners spent more 
time off work than nonminers The highest rate of incapacity was 
present in the lowest paid workers; this applied as much to coal (ace 
miners as to surface workers. Pneumoconiosis was associated with 
greater time off work. An additional investigation of the mortality of 
5,362 British miners who died in 1961 showed that they had higher 
death rates for accidents and pneumoconiosis than the general 
population, but lower death rates for cancer in general and for lung 
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\ancer in particular (Liddell 1973b) There was a wide disparity 
between the SMR of miners employed at the face (49) and the SMR of 
8^ those working oo the surface (82). This disparity can be explained in 
fhat surface miners may smoke while at work, but underground 
Ssgjninera cannot, and that the leas healthy miners tend to move away 
from coal face work and to be employed in easier jobs on the surface. 
^ Ortraeyer and colleagues (1973; Lainhart et al. 1969) studied the 
death rate of Pennsylvania, coal miners who had been awarded 
ftorapensatton for related respiratory disability. The 

overall SMR was thiFaame as that of white men in Pennsylvania. 
Excess death rates wF refou fol in subjects with a reduced ventilatory 


Opacity, in psrticuli^jsj 
Sand in ex-miners witn sf 
: ..-minerr with simple 
^colleagues (1974) stu|ie| 
miners and ex-mineis^ 
for miners and ex-rhpgi 
^f^neral U.S. populaHMI 
^ oriei.'iat ffiasl& e tff aBjtedi 

(ground, |u£iyjtte iiw 

rate. 

^complicated CWP was vs 
¥ |t>oth cigarette smokiS^! 
1. an increased SMS, the ri 


s ^^the FEV,/FVC was below 50 percent, 
"stagi’l® and C complicated CWP. "Disabled" 
MP hjjiil a normal SMR. Letter, Ortmeyer and 
etfes*croup of randomly selected Appalachian 
! wey^howed that the overall life expectancy 
jgp^^mbined was the same as that for the 
imfliJrct for the States from which the cohort 
adaB^ ortatitv of the years worked unler- 
iklng, : and airways obstruction were investi- 
slightly but significantly increased death 
effect on life expectancy; however, 
associated with decreased longevity. Although 
pHs§Plir ways obstruction were associated with 
i nipgaber of years nf work underground had no 


f discernible effect. ggpr , 

About the same ^ft¥ie'T?sese reports were published, Cochrane 
|(1973) described hls^thfCtHttRS from a 20-year followup of the mule 
, population of the Rhondda Jpach in Wales. Survival rates for miners 
|and ex-roiners wer£-§iS8§ixindent of the radiographic presence of 
^simple CWP or complicated pneumoconiosis. Further 

S. studies of the same COTftjjHi^f^om the Rhondda Fach showed a normal 
s,life expectancy in simple CWP and category A complicat¬ 

ed CWP (Cochrane setaT 1979). The death rate for bronchitis and 
pother respiratory diseases was elevated. The smoking habits of this 
s ' population were not examined. 

4 A 2&-year followup of a population sample from Derbyshire 
I (Cochrane and Moore 1980), aged 25 to 34, included four groups of 
workers whose work was categorized as nondusty, pure coa! mining, 
|jKjre foundry, or other and mixed. There were no significant 
cufTerences in the SMfts of the dust-exposed group of miners, 
compared with the non-dust-exposed group of miners; however, only 
20 deaths were recorded in the study. 

Rockette (1977), in a NIOSH-supported study, investigated the 
mortality rates among coal miners covered by the United Mine 
Workers of America ((JMW) Health and Retirement Fund. Unfortu- 
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nately, unlike the studies of Ortmeyer and colleagues (1973, 1974), in 
this investigation the population was not randomly chosen and 
smoking histories were not available. A 10 percent 6araple of miners 
eligible for benefits in January 1959 was randomly selected from the 
original 650,000. Doubt exists whether miners covered by the UMW 
Health and Retirement Fund are necessarily representative of (J.S. 
coal miners as a whole. The SMR for all causes was 101.6 and for all 
cancer, 97.7. SMRs for asthma, emphysema, and tuberculosis 
were significahtly^tevated at 174, 144, and 145, respectively. The 
SMR for lung gip&iief 'Was minimally but significantly elevated at 
112; however, a.disprqportionate number of miners from southwest¬ 
ern West Virgituayver^Bubsequently shown to have been included in 
the cohort. Th«:;ds^^te for lung cancer in this part of the United 
iigher than the rate for the United States as a 
parts of West Virginia. In the absence of 
can be made of such a small increment in 
accidents were high (SMR 144). The SMR 
, but, as previously mentioned, the SMR for 
; elgvatied. There was a significantly increased death 
but the SMR for pneumoconiosis could not 
cause of difficulties with death certification and 


States is significantly 1 
whole and for| 
smoking his tori* 
mortality. Deaf 
for bronchitis 
emphysema wij 



ation. 
lengthy 
category, lung 
1931) descri 
surveyed at 24 p 
lower mortal! 


coal miners 1 morbidity in relation to x-ray 
and exposure to airborne dust (Miller et al. 
dings for 31,611 British miners who were 
1953 to 1958. Again, the coal miners had a 
ritish men in general. Although this was 
attributed to tfjejhealthy worker effect, no supporting evidence for. 
this conclusion-'was giv^n. Miners with PMK had an increased death 
rate, Mortality^^^y^onchitis was associated with increased dust 
exposure, but itS apparent that with increased dust exposure, there 
would also be ^|i§pll&se<l cumulative exposure to cigarette smoke. 
Appropriate data Whereby the two effects could be separated were 
not available, s^^^^^iulative cigarette smoking history or, indeed, 
a smoking history of any kind was not-available. Deaths from lung 
cancer were not increased. 

Higgins and colleagues (1981). in a fot'owup study of a group of 
miners from Richwood and Mullens, West Virginia, were unable to 
show any significant difference in the mortality of miners and ex- 
miners as compared with nonminers. The death rates from respira¬ 
tory diseases were appreciably higher in coal miners: however, there 
are doubts as to the accuracy of the cause of death on the death 
certificates because compensation was often awarded to ex-miners' 
families solely on the basis of a death certificate that mentioned 
respiratory disease (Comptroller General 1980, 1982). Another 
problem encountered was that some miners had moved away from 
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|of little special si 
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\ the district and could not be traced. In many instances, their status 
I proved impossible to determine. A clear-cut effect of smoking on 
mortality was evident in nonminers, but was less evident in miners 
and ex-miners. Here again the advent of black lung compensation 
|| may have been an incentive for disability applicants to underesti- 
• mate their smoking habits 

The publication of the Registrar General's Decennial Supplement 
(1970-1972) on occu^fktjona| mortality (1978) indicated that mortali- 
s ^ ly tales for coal somewhat increased for both under* 

‘ ground and surface^forkers. The SMR for most respiratory diseases 
...l=5pthet than lung cantor e Hoiked a mild to moderate increase. 

#■' Jacobsen (1976,1977 ; .-lauded that coal miners as a group have a 
. : sfp normal SMR. He alto indicated that there was no excess death rate 
sfrom bronchitis andiSgj&pl^ilienia among coal miners, nor was there 

ipi these conditions with increasing time 
Among men with no pneumoconiosis, 
Scant mortality gradient with increases 
posures to airborne dust. However, the 
f selected subgroups of miners whose 
were unknown, and in whom other possible 
have been present, detracts from his 
on that the presence of bronchitis in 
h increased mortality and morbidity is 
for coal miners because the same 
icral population. The increased mortality 
most part attributable to cigarette 
lation, and only if it were possible to 
in nonsmoking bronchitic coal miners 
would this observation be convincing evidence that the presence of 
of itself p<||$$$83£::f!remature disability and death, 

In conclusion, the majority of recent mortality studies have shown 
.that coal miners hav^^^^ftal life expectancy. Although there is an 
lincreased SMR in mkije&jKijh PMF, the overall prevalence of PMF 
?in working miners isTSEno?W%at any effect it has on the SMR is more 
than counterbalanced by decreased death rates from lung cancer and 
eart disease. Although in certain studies, death rates from bronchi¬ 
tis and emphysema have been found to be elevated, this has not been 
consistent finding; in other studies, especially those in which it has 
en possible to quantitate the effects of cigarette smoking, no 
nqreased death rates have been demonstrable. There is little or no 
once that the inhalation of coal mine dust contributes to excess 
morbidity or mortality in regard to lung conditions other than PMF. 
such as emphysema, asthma, tuberculosis, or pneumonia. By way of 
contrast, cigarette smoking has repeatedly been shown to have a 
clear and easily demonstrable effect on the death rate of both miners 
and nonminers. There is some recent suggestion that cigarette 
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smoking prevalence increased in British coal rainere between 1965 
and 1975. possibly related to their increased standard of living, but it' 
is too early for any discernible changes in cigarette consumption to 
be reflected in mortality and morbidity statistics. 


Lung Function In Coal Miners 

Although thage is po substantial clinical effect of an increasing 
category of on the ventilatory capacity of coal miners, 

most studiesPm which coal miners have been -compared with a 
suitable reference population of nonminers have demonstrated a 


significant d 

(Higgins 197! 
FEV, of coal, 
capacity—is 
ers. This sui 
related to d 
biologic res pons 
ins st 



in the ventilatory capacity of the miners 
tess of radiographic evidence of simple CWP, 
r any other suitable index of ventilatory 
reduced in comparison with FEV, of nonrain- 
decrements in FEV, and simple CWP are both 
re, but the two measures represent separate 
e lung to the inhalation of coal dusL 



were Leigh, tl 
et ah 1961). 
was observed 
smoking; in 


ee populations in the United Kingdom, all of 
a significant proportion of miners and ex-miners, 
•able reference population. The areas chosen 
da Fach, and Stavely (Higgins I960; Cochrane 
tion in the ventilatory capacity of miners that 
not be explained on the basis of cigarette 
a.1 miners at that time generally smoked less 
than nonminfKTSmSe then, several other studies have found similar 
results and tfi'e"3'af&'h ave been reviewed by Higgins (1972). Possible 
explanalionsirtyr thel observation that coal miners have a lower 
ventilatory captnirty and that this finding is unrelated to radiograph¬ 
ic findings teasatfatt (1) coal dust can produce or exacerbate 
emphysema ior $,it-Way narrowing and that these changes occur 
independent f^li£§|ianges that result in an abnormal radiograph, 
or (2) the lower ventilatory capacity in miners results from either 
industrial selection or differential migration. Thus, were the more 
healthy miners to leave their employment and move to other parts of 
the country to seek new jobs, those who remain would be less healthy 
and almost certainly have lower lung function. Although the second 
hypothesis is a consideration, especially during hard times when 
unemployment in the coal mines is high, recent studies have shown 
that it is the weaker and the less muscular man who is more hkely to 
leave the coal mine within the first few months of his employment 
(McLintock 1971). Thus, the first hypothesis seems much more 
probable and requires further consideration. 
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Emphysema, Exposure to Coal Dust, and Cigarette Smoking 

The pathology associated with CWP, both simple and complicated, 
has been well described, and it is generally accepted that simple 
CWP has a relatively specific set of histological findings (College of 
American Pathologists 1979). Initially, dust starts to accumulate 
around the second division of respiratory bronchioles. As this occurs, 
there may be h little reticulin or. exceptionally, some collagenous 
fibrosis. Subsequently, the respiratory bronchiole dilates to form a 
condition known ^fsjjj|lll|rnphys*rna. Gough (1947) and Heppleston 
(1947, 1954) suggested that this condition develops as a result of 
weakening and a^srophy^pf the smooth muscle in the bronchiolar 
wall. The site at 
of the centrilobuli 
researchers, howej 
workers seldom e: 
lung, namely, thi 



emphysema develops is identical to that 
iiysema found in cigarette smokers. Some 
ieve that the focal emphysema of coal 
involve the gas-exchanging regions of the 
|tory bronchioles and alveoli CHeppleston 
1972). Heppleston^(1972)jjnd Gough (19G8), moreover, claimed to be 
..able to distinguis 
'and suggested thi 
bronc^nH) in tl 



sure 

focal emphysema? 
with short expos 
disease, there is an 
the terminal and 
withstand this de 1 


physema from centrilobuiar emphysema, 
rmer is characterized by an absence of 
airways. Not all researchers accept these 

et al. 1982). 

n associated with increasing severity of 
(1968) wrote that in a young coai miner 
at. dying of accident or of nonpulmonary 
emulation of coal dust specifically related to 
ry bronchioles. The lungs can evidently 
itwns^witbout harm for some years. Emphysema 
then develops. aird.jrr.iD.iners who have been exposed for 20 years, 
some degree of dilatatior| of the proximal order of the respiratory 
bronchiole is usigj^^^^^may be marked. After 40 years of dust 
exposure, the majority of miners will show focut dust emphysema 
(FDE), although surprising range in the quantity of dust 

deposited, and in thejjegrpe of emphysema, in miners working under 
similar conditiori&S*?l l ili5| refers to dilatation of the respiratory 
bronchioles and there can be no doubt, because of the time sequence, 
that the dust deposition precedes the emphysema. Although Gough’s 
remarks imply that there is a direct relationship between dust 
exposure and the development of focal emphysema, until recently 
his views were not entirely accepted. In a similar context, there is a 
clear-cut relationship between coal dust exposure and the develop¬ 
ment and progression of simple CWP (Jacobsen 1980). 

Ryder and colleagues (1970) reported the results of a survey in 
which they correlated pathological, physiological, and radiological 
findings from the lungs of 247 deceased South Wales miners and ex- 
miners, most of whom had been diagnosed as suffering from coal 
workers’ pneumoconiosis during life. The researchers were particu- 
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lady concerned with the relationship of emphysema to dost exposure 
and to the radiological findings present antemortem in these 
subjects. A control series of autopsies was drawn from nonmining 
men autopsieO at the same hospital and matched for age ijy decade. 
Whole lung sections were made and emphysema was quantified with 
standard techniques. Virtually all of the mining population had been 
examined by the Pneumoconiosis Panel during life, and most were 
receiving benefidh''fJpst-niiortem findings of emphysema were then 
related to elmical.fijjtlinjjs, ventilatory capacity measurements, and 
radiological findi-rifs. Emphysema was much more common among 
the disabled ooaf miners than among the control population of 
nonminers, but S i' difficult to interpret this observation, as the 
miners were largely seated from among those who had respiratory 
disability and the^Kjptrofc population was not selected in any similar 
way. They also ftfuntl rlmt miners with the punctate type of opacity 
were more likel^iiiasfi; emphysema than those with nodular or 
micronodular lesions....l^ung function showed no correlation to 
progressive x-ra^ Tor simple pneumoconiosis, but declined 

with ^^astng progressive massive fibrosis. The mean 

emphysema score ’witreased with increasing age in the control 
popuSmSSili. but $S£|in the miners. The absence of a relationship 
bt^pgafophvsft rabscttf e and age in the miners may be secondary 
to their having bien^seie&ted (even at the younger ages) because they 
presented with &£$g|$g^ry disability. The mean emphysema score 
correlated well with^antemorlem measurements of FEV,, but was 
r.ot greater in ths^JwSiers with categories B and C of progressive 
massive flbrosisp«iM»-.«S miners with lesser degrees of radiologic 
change. The absgace.af smoking data in this population of disabled 
miners and the poor congelation of emphysema score with radiologic 
change makes itijiih^gg^to ascertain the relative contributions that 
cigarette smoking and coal dust exposure may have made to the 
emphysema fourtl^i|^^population. 

A later publi$gtitsn v p{i the same population of disabled miners 
(Lyons et al. lire^*wi«luded some smoking data. Lung function 
declined with increasing severity of radiologic progressive massive 
fibrosis, but actually improved with increasing severity of radiologic 
simple pneumoconiosis. This dichotomy of lung function and radio¬ 
graph may be due to the selection of the autopsy population largely 
from those who had been disabled from pneumoconiosis in life, as the 
certification of disability may require more severe functional abnor¬ 
malities in the absence of radiographic abnormalities than it would 
in the presence of advanced simple pneumoconiosis on the radio¬ 
graph. They again showed a correlation of lower FEV, with 
increasing emphysema score, but not with the Reid index of 
bronchitis. Smokers had lower mean FEV, values than nonsmokers 
and ex-smokers among miners with simple pneumoconiosis and 
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grade A PMF, but there waa no difference in mean FEV, for amokers 
and noosmokera among workers with more advanced PMF. The 
authors suggested that the emphysema is a more important determi¬ 
nant of ventilatory impairment than the radiograph and that the 
emphysema is due to ccial dust in both simple pneumoconiosis and 
progressive massive fibrosis. However, they presented no data to 
evaluate the possibility that emphysematous change due to cigarette 
smoking may haVe''hqen .responsible for the link between emphyse¬ 
ma score and lun i^jigf ^h and for the absence of a correlation with 
the radiologic chaftges of pneumoconiosia. 

Leigh and collfSjjuea^lSSS) described the results of 886 post¬ 


mortem examine 
underground at 
presence and e; 
findings, and cig 
years SDent underj 
of CWP. Radiol 
^associated with s 
%orrelated^th glj 
reUtidfisfii 
the 




Australian miners, relating years spent 
face to bronchial gland wall ratio, the 
|emphysema in the lungs, radiographic 
king history. Emphysema was related to 
jit the coal face and to radiological evidence 
ence of pneumoconiosis was negatively 
Ven more surprisingly, smoking was not 
ratio or emphysema. This absence of any 
betv/eeiTcigaratte smoking and emphysema is unique hi 
lit^$lf%re and suggests a bias in the selection of 


subj$ep38©iij undc ^iyifef ltet-mortem examination or in the manner 
in which smoking Jiabits w’pre analyzed. 

A relatively rec^^^^^nortem Study of coal miners and nonmin- 
ers from South Wales^comrared the prevalence and extent of 
emphysema in who had died of ischemic heart disease 

(Cockcroft, Berry W‘'-S’t"'t9fe2). A greater percentage of smokers and 
e.T-smokers hud enjphy®Mna f 17/34) than never smokers (1/5) among 
the coal miners, but therejweri too few cases of emphysema among 


the nonminers to 
were noted to Kaye 
frequency of empi 
While the degree 
the absence of kn| 



smokers and nonsmokers. Coal miners 
emphysema than nonminers, but the 
n the control population was very low. 
:ma in these subjects was quantitated in 
f the deceased subject's occupation, the 


characteristic features of coal miners’ lungs (i.e., the formation of 
macules and the presence of pigment and the accompanying focal 
emphysema) would invariably indicate the deceased subject’s occupa¬ 
tion during life. There was a legal requirement for a post-mortem 
examination for coal miners. Whether the pigment present also 
highlighted and accentuated the emphysema is unknown. 

Ruckiey and colleagues (19841 examined the lungs of 460 British 
coal miners at post-mortem examination for signs of dust-related 
fibrosis and emphysema. Smoking habits had been determined 
previously by questionnaire. The prevalence of emphysema was 9 
percent in the nonsmoking miners whose lungs showed only 
circumscribed dust accumulations of which any solid center was less 
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than 1 mm in size, 33 percent in nonsmoking miners with lungs 
showing one or more palpable lesions between 1 and 10 tnm in size, 
and 76 percent in nonsmokers with PMF. The corresponding 
prevalences of emphysema among smokers with similar pathologic 
findings were 52.7 percent, 70.3 percent, and 85.3 percent, respec¬ 
tively. Ex-smokers generally had intermediate percentages. The 
percentage of the population with any emphysema increased with 
the increasing intent of dust in the lung, but the percentage of the 
population with more than one-third of the lung affected showed no 
increase with ip^easing concentration of dust in the lung. These 
data suggest th%t-both^noking and coal dust contribute to emphyse¬ 
ma, but that IxtdfiS'ive emphysematous change is more closely 
related toexten^^P^ette smoking. 

Morgan and wjleagges (1971) examined lung volumes in coal 
miners and 6he* •' i that both cigarette smoking and increasing 
simple CWP gjjg$|(|gg|reased the TIC and RV, and the effects 
appeared to be additiv^. This suggests that simple coal workers’ 
pneumoconiosuilM^^^iated with a slight loss of the elast.c recoil. 
Such an .observation issbest explained by the presence of so-called 
focaiiNp^i ernp h^ i ii iiil i -^DE). 

!tii^$S0j§tnary, 4 ||*re is little doubt th.it simple CWP and dust 
e^p^&wg&jmay l|gd!ijuibs 6 development of focal dust emphysema. The 
type of emphyselfra&iih'l in coal miners is probably still best referred 
to vs focal dust i&RoteMdma, since there is some evidence that it does 
not progress to ilsveie centrilobular emphysema (Ruckley et al. 1984) 
in the absence o^cjj^fctte smoking, Whether a morbid anatomical 
distinction betv^^i..Jthe-|two conditions is possible is not certain. 

Studies of rigljJt^s^ricular function in coal miners and ex-miners 
both during life and jt post-mortom examination (Morgan and 
Seaton 1984) that cor pulmonale or right ventricular 

hypertrophy dq not occur except in cigarette smokers or in miners 
who have PMF jii$^piss|t al. 1983). 

Dust Fxposur^Cf|jS&ette Smoking, and Ventilatory 
Function 



In a long-term prospective study of 3,581 miners who worked at 
the coal face, Rogan and colleagues (1973) showed that dust exposure 
was inversely related to ventilatory capacity. Lifetime cumulative 
exposures to coal dust were available. The researchers were able to 
demonstrate a progressive reduction in ventilatory capacity with 
increasing exposure to dust. The presence uf pneumoconiosis was not 
associated with an additional decrement of ventilatory capacity 
beyond that due to cumulative dust exposure, smoking habits, and 
stature. Smokers showed a more rapid decline in FEV, than 
nonsmokers, but an effect of cumulative dust exposure was apparent 
in both smoking and nonsmoking miners. Among the nonsmokers. 
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FEV, was generally lower in the most dust-exposed group than in 
the law exposure group, but the rate of decline per year remained 
the tame from age 30 to age 60 in both exposure groups. The age- 
related regression coefficients were the same in the heavily and 
lightly dust-exposed nonsmokers. Subjects with PMF were excluded 
from the analysis. Among 6mokers, the rate of decline in FEV, with 
age was greater than for the nonsmokers in each exposure category, 
but the absolute ; FEV, in smokers at a given age was uniformly 


lower for the grou 
dust exposure. 

Kibelstis and 
slight effect of dij 
nonsmoking mine 
according to whel 
tion, in miscellan 
menta performed 
gradient, with th 
surface (Doyle 


!kigh dust exposure than the group with low 

i 

[leagues (1973) were also able to demonstrate a 
lure on the ventilatory capacity of their 
investigators divided their population 
len had worked at the face, in transporta- 
ier jobs, or on the surface. Dust measure- 
,0 various jabs and work places had shown a 
exposure at the coal face and least on the 
svertheless, individual cumulative dust 




xposure measurements were not available for the subjects. When 
" ' workers were compared with the nort¬ 

hers, there was a slight but significant differ- 
: coal face workers had an FEY, of 98 percent 
i of the surface workers was 102.4 percent. 
The difference in the smoking and the nonsmoking coal 

face workers was^S^ercenl; the difference between the smoking 
surface workers and^^et nonsmoking surface workers was 10.5 
percent. The effect|^fcigg|rette smoking were therefore substantial¬ 
ly larger than thqs-e of dust exposure. Among the ex-smokers and 
nonsmokers, there* was a '4jgniftcant difference in function between 
coal face workers a*td^«»s|portation workers and their counterparts 
who worked or> thetumace. Among the smokers, no such difference 
was present, with apparently overwhelming the effects of 

dust. Airways obstruction, was three times more common in the 
smokers than in th|§§siiSi>kers. 

An extensive West German study of 6,700 workers employed in 
i coal mines, steel works, cement works, asbestos factories, and other 

f 

heavy industry related dust exposure to smoking habits and other 
i factors (Deutsche Forschungsgemeinschaft 1978) Each subject un¬ 
derwent a clinical examination, chest radiograph, and spirometry 
• along with measurements of airways resistance and arterial blood 
analyses. The study showed that the most important factors 
related to the prevalence of bronchitis and airways obstruction were 
age and smoking habits. Among younger workers, there seemed to be 
an additive effect of smoking, age. and dust, with the combined effect 
of all three equaling the sum of their separate effects. Among older 


309 


http://legacy.library.ucsf.ed u8bWjtq§7bQP^idifvww.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 4031 



I 




j^WMWWK 


workers, smoking appeared to play a relatively greater role in the 
production of airways obstruction- 
Hankinson and colleagues (1977) characterized the physiological 
impairments that are associated with the inhalation of coal dust and 
cigarette smoke. This study relied on flow volume curves as a method 
of assessing ventilatory capacity, but in addition to the standard 
splrometric measurements, lung volumes were calculated by a 
radiological Method using posteroanterior and lateral chest films. 
Since TL C qo uldlSsKijcal c u 1 a ted, it was possible to express the flow 
rates, not op^as a'percentage of vital capacity (VC) but also at 
absolute lun^-volim^s. Four age- and height-matched groups were 
selected on the MSis Ipf their smoking history and on the presence of 
bronchitis, tl^^^tigh and sputum. Thus the Tour groups consisted 
of smokers witLbrgggiphitis, smokers without bronchitis, nonsmokers 
with branch nonsmokers without bronchitis. Flow-volume 

curves of tl|g$£|j^TOUps are shown in Figures l and 2. The 
differences between (he four groups reveal chat cigarette smoking 


effects the 
bronchitics f@ 
alth 

became evtde 
TLC. In coti 
bronchitis ha3 
loss of retractive 
emphysema. 


all lung volumes. In contrast, nonsmoking 
rpost part showed decreased flows at high lung 
(re was some mean reduction in flows at lower 
iicating that the small airways were not entirely 
rs were expressed at absolute lung volumes, it 
lokers had an Increased RV and an increased 
\e nonsmoking subjects with and without 
lal TLC and RV, The increased TLC suggests a 
in the lung and the presence of subclinical 
Sis in nonsmoking subjects was not associated 


with an increpg.ip.TLC. 

A number : of long^udinal studies have been carried out with 
groups of coa^ngoo^. Love and Miller (1982) followed 1,677 men 
from five British collieries for 11 years. Loss of FEV, was found to 
increase witlfesjB^fffitive dust exposure, after allowing for age. 
smoking, and: col|ier^ effect. The investigators classified smoking 
according to §^|§is|ktng status that was recorded in all three 
surveys, that : is, as nonsmokers. ex-smokers, or current smokers. 
Miners who were recorded as smokers at the first survey and as ex- 
smokers at the second and third surveys were designated as 
intermittent smokers. According to Love and Miller (1982), the 
average decrement in FEV, from the effects of dust was about one- 
third of that due to smoking. They further stated that if men left the 
industry because of ill health and respiratory impairment, the 
average loss of FEV, would have been underestimated This could 
apply to men who retired from the workforce because of the effects of 
dust, cigarette smoking, or both in combination. 

There are several problems with this study. First, only 1,677 
subjects were studied, 29 percent of the population of 6,191 in the 
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first survey. No data we|e provided to establish that the 1,677 


survivors had simi 
is essential to kno 
smoking habits of? 
original cohort 


'acteristics to the original 6,l9l subjects. It 
e ventilatory capacities, age, height, and 
survivors did not differ from those of the 
quantification of smoking was available. 
FEV, was regressed against age, regular smoking habit, and dust. 
Unfortunately, smoking was treated as an unchanging variable such 
as height, although Fletcher and colleagues (1976) had shown that 
the effects of cigarette smoking increase with pack-years. Similarly, 
Kibelstis and colleagues (19731 showed that while cough and sputum 
relate welt U> current smoking habits, pack-years are a better 
^edictor of the prevalence of airways obstruction. 

AttHeld (19851 examined changes in ventilatory function among 
smoking and nonsmoking miners in the United States. They 
recorded the decline in FEV, over an 11-year period in a group of 
1,072 U S miners. Over that time the loss in FEV, was 0.1 L more in 
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FIGURE 2.—McanjgpSv volume carves expressed as 
abTctte.-lpng volumes 

SOURCE Kank.iwari >1)1197ri 

the smoking miners lhan|in the nonsmoking miners, in a multiple 
regression model.fSiiiiifect of coa! dust exposure over the 11-year 
period ranged from to 0.034 L. depending on the regression 

model used for thepMghfnil exposure. 

The relative irrujori&asg of cigarette smoking versus dust and 
other factors in djiSa^auona) lung disease has been reviewed by 
Elmes (1981). He concluded that while control of occupational 
exposure to coal dust remains critical, substantial future improve¬ 
ment in respiratory health can be achieved by reducing tho 
prevalence of smoking among miners. 


Summary and Conclusions 

“ ' 1, Coal dust exposure is clearly the major etioiogie factor in the 
production of the radiologic changes of coal workers' pneumo¬ 
coniosis (CWP) Cigarette smoking probably increases the 
prevalence of irregular opacities on the chest roentgenograms 
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Silica Exposure 

The oxides of silicon (SiO,) are round in a number of polymorphic 
structures consisting of three-dimensional networks of silica tetrahe- 
dra (Zoltai and Stout 1934). When SiO, is bound with cations, it is 
considered to be "combined" silica. When not combined, it exists in 
its "free" forms—polymorphic crystalline, cryptocrystalline (minute 
crystals), and amorphous (noncrystalline) (Parkes 1982). Whether 


'crystalline lenaes ace.,:|&t; 
ite is converted to HHrffi 
at temperatures froggy 
Occupational exjkwu$i 
with recognized sijjWfrafei 
coal mining, and 
'glass processing, i rOnSyi 
’a mor^^ijjonplero 
silica ii Ooun id in Table 
flour pns3u§tio;i adPl^ 
mg a<P^eUngb>^l 


SiO, is in a free important from the standpoint of 

occupational toxictegpPfS crystalline phases of SiO„ including 
quartz, tridymite, i? and cristobalite. are recognized as causative 
^agents in silicosis.tends to form amorphous silica, and 
' crystalline lenses in diatomaceons earth deposits. Diatom- 

ite is converted to 5meDfm6gicaUy active cristobalite with calcining 
at temperatures frojp|£^||| C to 1723° C (Parkes 1982). 

Occupational exposii$% to free silica are diverse. Major industries 
with recognized sigK&il$& silica exposures include metal mining, 
coal mining, and AflBiJifij^lic mineral extraction, stone, clay, and 
"Blass processing, ireOlpTweel foundries, and nonfermus foundries. 
A mor^.-f^TOplen; occupations with potential exposure to 

silica iJtjfoqgd in Ta&leT.Tiome of these exposures, including silica 
flour production a^iNhse, sandblasting and certain mining, quarry¬ 
ing i&tpSSwselingresult in exposure predominantly to 
silica. However, many silica exposures, including most mining 
operations and (ou||lipi§i|osures. are mixed-dust exposures, which 
has implications for thejiype and extent of biological response seen 
among exposed woskjgiK^ 

A general pattemSrfi'd’ficompliance with the current permissible 
exposure limit (P£^rife«H^ee silica has been documented in recent 
papers appearing ip the American medical literature. These reports 


have included thelEiiPaftional Safety and Health Administration 
(OSHA) compliancgjj^atejfor 205 foundries in which 40 6 percent of 
samples exceeded $WT^t?tOudiz etal. 1983); OSHA data showing a 
$3 percent rate nlLna&yM^pliance with the silica PEL in 27 silica 
flour mills (BanleTTIorfing. Boehieeke 1981; Banks, Morring, 
Boehlecke et al. 1981); and gross excesses (greater than hundredfold) 
of the silica standard in sandblasting operations, which remain a 
poorly regulated industrial process in the United States but are 
banned in several other developed countries (Samimi et al. 1974). 


population at Risk 

Estimates of the population at risk for potential silica exposure are 
available from the National Institute for Occupational Safety and 
Health (NIOSH) National Occupational Hazard Survey, which was 
based on a probability sample of 5,000 industries between 1972 and 
1974 (NIOSH 1978). From these survey results, NIOSH estimated 
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TABLE 1.—Occupations with potential exposure to silica 


Abntuv* liUfUn 
Abrmffrc makers 
Aulo juifr worker* 
Biwyue^kilft worker* 

Brick Uyvri 
BafTeri 

BurKsk>f» vwkife*.^ 
Carboruadkiro mikcrt^j 
Q«*izif rltancn :J 

Cadent m+k*n P 
Camrni ttisen 
Ceramic worker*.;- ■ 

Owmicet jl*** r»M * r -' 

Chip pen 

Co*/ miners 

Gwutruo %^kpnjg| & "t 
Cosnxt< maker*? j 

C«4i«7 -“k'n |!gs§S§ 1 

Okknuccoui earth taicifteTT 
£l«clniBic «fuif 
CAamellcrs 
Fertilu*r make 
rtert 
worker* 



• lirvcrt 
4rtt 

alma makeo 
Clslf misers 
CnniU cutters 
GfamW worker* 
Crim/m( wheel rnakf 
Grindstone wttrVen 
lUrd rock 

InMCticid. wil^ 
ItuuUton 
Jeweler* 

Jule worker). 

Kiln Juaers 
Masons 
Mtut kffrn 
Metal Wmuhe-i 
MruJ polaher* 
Miners 

Morwr miser* 

Mortj rmcn 



SOtIRCr. Aapca Sr»Vrma(H7€l 


Oil purifier* 

Qibtor* worker* 

Optical equipment makers 
Flint muter* 

PedtshJivf aoap maker* 
PormJaia worker* 

PotUry workers 
Pouncmn ffeli h*U 
Pu!p*wr» worker* . 

Quarry worker* 

QwarU worker* 

Refractory auken 
Row! eoMtxiK un 
Rock entthen 
Rock cutter* 

Rock dnIWrs 
Rock pindtrt 
Rock Ktrcvn 
Rubber compound mucTs 
S*«d euuet* 

5exvi pulwruet* 

Sand blaster* 

Sandpaper maker* 

Sands lane frinders 
Sawyer* 

Scour.nx map worker* 

Silica Dock worker* 

Silicon alloy maker* 

Silver polisher* 

SUtt worker* 

Smelter* 

Sodium ulicate susm 
Spacecrafl wtxker* 

Slate Wrubbcrt 
Slone ruttert 

Sloe* ptc*fteph 

Street a*o<pen 

Subway pcnitrucipcn vwken 

Tile mak«n 

Toothpaste maker* 

Tube mill Imen 
Tumblin' barrel vorkns 
Tunnel corutr^cUoa workers 
Whetstone worker* 

Wood filler worker* 



that 3,200,000 active workers in 238,000 plants were potentially 
exposed to silica, however, this estimate was based on workers in an 
area where free silica is used, and the number of workers with 
clinically significant exposures would be appreciably lower. This 
estimate excluded former workers who were retired, working 
elsewhere, or disabled and the large industrial sector of agriculture 
where some silica dust exposure occurs (Popendorf et ai. 1982). 


324 


http://legacy.librar|y.ucsf.efiU>tiGt3f^qdflp@0/pcifw.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 4043 


; ; Significant physical factors for occupational respiratory disease 
Irisk include the percentage of free silica, the respirable fraction of 
? the mineral dust (which may have a higher silica content (Ayer et al. 

1973)1, and the concentration of dust (total and respirable) in the 
~i worker's breathing zone. In addition, other workplace contaminants 
! may combine with silica particles to alter the toxicity of the given 
? mineral dust exposure. Individual factors such as pulmonary deposi¬ 
tion and clearance, Stogie status, genetic constitution, and immune 
response may also t»jgijiflfP|ant risk factors in silica-related disease; 
! however, they are slifnetimes difficult to measure and have been less 
sstudied. Henc|£''stjjtfllies of workers exposed to silica must 
provide clear docu mfcp&ti^ of the exposures in the workplace as 
p; well as documentationdPiSdher personal and environmental factors 
^ that may influence response. 


Smoking Behavior of Silica-Exposed Workers 

^ \Sv.-.v.v. .. . S 


yrhs smoking behavic| ofSworkers in a variety of settings where 
j, silica exggg^tle can teg^sjgiletailed in Table 2. These studies in the 
j United and abroad indicate that a very large proportion of 

' people who are e»pql«fto silica are also smokers. 


Definitions of Hea^K 
Several health effect^lrtgfeassociated with occupational exposure to 
? silica dust. The cai jlff ^ro^ silica plays in some disease responses, 
t namely silicosis and silica-induced alveolar lipoproteinosis ("acute 
i silicosis"), is quite Clear and widely accepted. Silica is recognized as 
playing an importaiat^aus^i contributing role in a second group of 
1 pulmonary response'll—sHicotubereulosis, mixed-dust fibrosis (usual¬ 
ly mixed with iron |g|gig$g§ar>d the fibrosing alveolitis arising from 
L exposure to calcine^ di^tombeecus earth (diatomite pneumoconiosis) 
f (Porkes 1982). Smo^^^^^ars to play no significant causal role in 
the etiology of the first two categories of silica-induced diseases. In a 
| third group of health effects, silica dust appears to be a risk factor in 
simple chronic bronchitis as characterized by mucus hypersecretion 
i; and in chronic airways obstruction, which is often associated with a 
' progressive decline in expiratory flow rates and is largely irrevers- 
| ible. This last group of pulmonary responses is nonspecific, recog- 
SS|zed to be mullifactorial and causally linked to cigarette smoking. A 
causa! relationship between silica dust and chronic bronchitis or 
chronic airways obstruction is less clear. This issue is of considerable 
importance because of the prevalence of chronic bronchitis and 
chronic airways obstruction in modern society and the large size of 
the population at potential risk of silica exposure. 
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Epidemiological Findings 

Early observers of occupational diseases, including Ramazzint in 
1713 (1964), wrote about the respiratory problems of miners and 
stone cutters, and recognized silicosis among miners, stone cutters or 
hewers, and potters. Silicosis, and its previously described associated 
health effects, have been given a variety of names that reflect the 
several faces of silica exposure—dust consumption, ganister disease, 
grinders' asthm^grnndeps' consumption, grinders' rat, grit consump¬ 
tion, masons’ disea^prolners' asthma, miners’ phthisis, potters’ rot, 
rock tuberculo6il|'stonehewers' phthisis, and stonemasons' disease 
(Hunter 1955). Greenhpw (1878), in his treatise on bronchitis, 
recognized that 'jirnfanti} which act immediately upon the bronchia) 
membrane may $ralS^%nflaintBation by means of either mechani¬ 
cal or chemical igritatign. Fine coal and metal dust, stone and 
porcelain grit, fu^h^^|he flue of cotton wool ... inhaled into the 
lungs during vari^i^®striaJ processes are all of them mechanical 
irritants which become fruitful causes of bronchitis in certain classes 
of operatives" (p 
| Mortality atudt 
in'crtdaiSdShortj 

ReghstrR;,,.Gcner 
19W; Kfiilnald 
studies accouii 
magnitude of th< 
between silica ex 
Davis and col lea 



o| rij.ipa-exposed cohorts have consistently shown 
"or tuberculosis and nonmaUgnant respira- 
accounted for by silicosis (Guralnick 1962; 
978; Davis et al. 1983; Armstrong et al. 
!; Fox et al. 1981). Although none of these 
effects of smoking, the consistency and 
reased rates suggest a causal relationship 
'"and these cause-specific mortality rates. 
(ASj{13) demonstrated dose-response relation¬ 
ships between eJ^osur^ category, tuberculosis, and silicosis, but 
found no excess mortality; from bronchitis and pneumonia. Finkel- 
stein and eolieagjy,eg ss ;y^jl2) investigated mortality among 1,190 
Ontario miners tStimng compensation awards for silicosis and 
found nonmaligna|^j*§g|ratory disease (excluding tuberculosis) to 
be the most frequent |ause of death (standard mortality rate, 765). 

NIOSH recer>tly|^^^ causes of disability among employees of 
the mining industry, based on the Social Security Disability Benefit 
Awards Bod Allowances to Workers for L969-1973 and 1975-1976 
(Osborne and Fischbach 1985). The observed proportional morbidity 
rate (PMR) for pneumoconiosis from silica and silicates (they were 
not distinguished) was found to be somewhat higher (4.894) than for 
other mining occupations. Workers employed in boring, drilling, and 
(fitting jobs appeared to experience increased disability from respira- 

4?&ry diseases, specifically pneumoconiosis including silicosis These 
findings, based on somewhat more recent exposures than the 
previously cited mortality studies, confirm the major mortality 

findings, but suffer from the Same methodological problems Again, 
smoking data were not available or analyzed, and it is recognized 


327 



http://legacy.library.ucsf.ed u/Sd^Df&Tiflttjbipidlwww.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 4046 







that those disabled trv the mid-1970s very likely were exposed to 
silica three or four decades previously; therefore, their disabilities 
reflected previous dust exposures. 

Early morbidity studies of workers exposed to silica dust focused 
on rates of sickness, respiratory symptoms, and physical findings, 
supplemented in the 1920s with chest radiography. The U.S- Public 
Health Service (US PHS) conducted the first major U.S. silioosis 
study of the hard-rock mining industry in 1913-1915 (Higgins et al. 
1917; Lanza and ,|||jjigg|is 1915). Their studies reported that 60,4 
peroent of thef$S0 miners examined suffered from pulmonary 
diseases attributable “hg mine rock-dust exposure. Dust samples 
collected with a jbfwfl'eriliter bag-granulated 3ugar filter apparatus 
were reported from 30 to 50 mg/m- 1 (Higgins et a!. 1917). 

Although these cggcenUtations would appear to be quite high, they 
are difficult to according to modern-day respirable dust 

sampling and anfrty^SS^fray diffi-uction for free silica content). 

Subsequent US FI IS. silica studies included Harrington and 
Lanza'* (1921) 6tudy of cooper miners in Butte, Montana, 

in which 42.4 furcejt were judged to have some dust-induced lung 
25.5^wBm| to have advanced disease. Dreesaen and 
colle^jjpggf (1942)y$§gtied 727 metal miners in 1939, and FI inn and 
colleagues;(1963 jt■ &t|jdjgd 6? underground mines employing 20,500 
19$(P!cHr§?>l. but found varying silicosis prevalence 
from mine to mii^aas^^ideiy divergent exposures to free silica. The 
silicosis prevalentws^pO.l percent and 3.4 percent, respectively, 
were found to be gjssjjSiated with longer duration of exposure and 
especially with f^0statifeie*pustires (Dreessen et al. 1942; Flinn et al. 
1963). Earlier, Flinn and colleagues (1939) had reported an impor¬ 
tant study (1936-4937)of^Yi$t Virginia potteries that included 2.516 
workers with an icos'.s prevalence of 7.8 percent. Free silica 

content ranged fisSmllo 39 percent, dust concentrations varied from 
3 to 440 million jpigpSil§| per cubic foot (mppcf), and mean particle 
diameters were judged to be 1.2 pm (but without data on the 
concentration ol'figjjiSIle dust). A strong dose-response relation¬ 
ship between dust concentration, duration of pottery exposure, and 
silicosis prevalence was documented, it was suggested that no new 
cases of silicosis would occur if dust concentrations in this industry 
were brought below 4 mppcf. Renes and colleagues (1959) studied 18 
ferrous foundries in 1943-1949, and found 9.2 percent of 1.937 
foundrymen to have pulmonary fibrosis. Free silica content averaged 
;(30 percent, with a mean particle size of 3 pm. and 82 percent of the 
samples had levels below 6.9 mppcf Mechanical shakeout operations 
were found to have the highest dust concentrations (10 to 75 mppcf). 
and silicosis was noted to be more prevalent among foundrymen with 
20 or more years of exposure. It was suggested that conditions had 
improved in foundries and that most of the pulmonary fibrosis was 


328 



http://legacy.library.ucsf.ed fiytidi'jJ^fiaf^/pdifww.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 4047 



I 

I 


due to previous exposures. Eariy studies of the refractory (silica) 
1 brick industry documented high percentages of free silica, often in 
$ the form of cristobalite and tridymite from burned bricks. Keatinge 
and Potter (1949) and Fulton and colleagues (1941) studied 1,035 
j exposed workers in this industry, finding 52 percent to have some 
®: stage of silicosis. A relationship with dust concentration and 
. duration of exposure was again documented, as was an apparent 
|l increased risk smfeng men exposed to burned brick dust {Keatinge 
j and Potter 1949; Fuhgj^d. 1941). 

^ Epidemiological ipSdies of workers in the Vermont granite indus- 
try have provided^ important and interesting chronology of data 
R}on the natural histbfJWsfica-associated respiratory diseases. Early 
R US PHS studies o^S*&#i|dustry (Russel! el al. 1929) documented 
P 55 high dust conccntraligns (37 to 59 mppcf) and a very high prevalence 
gi of silicosis. On the^&jjil'of dust with a free silica content of 35 
' percent, a pregum pte ft i aSM g l 'c limit" of dustiness was suggested to lie 
between 9 and 20 mppcf. Ajsubsequent US PHS study (Russell 1941) 
^essentially confirttp^fil^indings of the original study, noted an 
* ^creased progression If silicosis among the highly exposed cutters, 


and coni 


*** the Ver montS tate || 
prevaten'ce oifsilico-jfP 
SSS§.15 percent in 1956fe^ 
,,gsi somewhat lower 
. workers with silicosis, 
„,4?dust controls in 19^ 


►elc* 10 mppcf for this industry would be 
vup studies in 1955 by the US PHS and 
^Health (Hosey et al. 1957) found that the 
bereased from 45 percent in 1937-1938 to 
ic silica content of the dust averaged a 
percent free silica, and that nearly all 
been exposed prior to implementation of 
Sf report was consistent with an earlier 


\report by Ashe U95&), and was subsequently supported by a further 
Jtfollowup study by Ashe arid Bergstrom (1965), which reported no 
peases of silicosis granite workers employed after 1937, 

■~|and a study by Davlsand cplleagucs (1983) that reported only one 
't the same popt^#^| 

W-, All of these early s|udips or silica exposure concentrated on 
Radiographic eviden^Sw^Sltcosis and tuberculosis and the a&socia- 
P - tion with silica content and concentration. These studies formed the 
^feasts for environmental control of silica exposures, demonstrated the 
ineffectiveness of dust control, and provided a widely held impression 
that silica exposures, and hence disease arising from silica expo- 
^tures, were well controlled. 

Beginning in the 1950s. British epidemiologists introduced stand- 
_J^i7cd respiratory questionnaires, field spirometry, and sound 
epidemiological methodology to the study of bronchitis and chronic 
obstructive lung disease, and were the first to use these methods to 
assess respiratory effects among industrial workers. This allowed 
assessment of other risk factors, including cigarette smoking, and 
quantitation of major risk factors compared with appropriate 
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reference populations. At the same time, on the basis of clinical caae 
series, it was becoming clear that bronchitis and nonspecific airways 
obstruction were more common than pneumoconiosis among wort 
ere exposed to coal mine dust and silica dust. The significance of 
these health effects was not dear. Modern epidemiological studies 
began with the Higgins and colleagues (1959) investigation of 
Stavely, an English industrial town of 18,000 and home to a 
significant nbniitMpr coal miners and foundry workers. This study 
and other crospil&Tbltal studies of silica exposure that have assessed 
standardized /respiratory symptoms, lung function, smoking, and 
occupation (dKljf 4S tho<5e with non-coal-mining silica exposure^ are 
summarized 

Review of ffiese studies has found them to be heterogeneous in 
regard to composition, free silica content and dust 

concentratiohjii^^*?^ 6 ^^ am * ot ^ er associated occupational expo¬ 
sures that mttyiiBft'tnbute to respiratory symptoms and declines in 
lung lunctiorfiidfcgK^Mtfe instances associated occupational exposures 
other than aihcajlust appear to be as important or more important 

tl^mg^ica di|^|j[gj^§ns et al. 1959; Gamble et al. 1979; Manfreda et 
a|L^j3g|2; Graham et’ al. 1984). Two of thes> studies found lung 
function to be^rfeewhat better among exposed workers than among 
®MS$®8ce autjj ^^B& rk et al. 1980, Graham et al. 1984). However, 
in both of these studies, one of potash miners and one of taconite 
miners, it is that the free silica exposure, although not 

documented, wss^. One study of fluorspar miners (Parsons et a!. 
19641 and ontejbf'tbpper mil.ere (Federepiel et al. 1980) suggest a 
significant d&£f'$fiwt on bronchitis prevalence and a somewhat 
lower lung fi|fictTon"^mong exposed miners. Specific environmental 
data on free silica coijjtent or dust concentration were not provided in 
either study, pii^S^ffi most likely some of the dust exposure in these 
mines was 

Four of tfftr^tSfti^es reviewed in Table 3 have documented 
significant eigg^gj^to free silica with the relative absence of other 
exposures: tH&”Wefsh slaLe workers study (Glover et al. 1980), the 
Vermont granite workers study (Theriault. Burgess et al 1974; 
Theriault. Peters, Fine 1974; Theriault. Peters. Johnson 1974) and 
two studies of South African gold miners (Sluis-Cremer et al. 1967; 
Wiles and Faure 1977), Silicosis was reported in all four study 
populations, ranging from 5 to 33 percent. Sluis-Cremer and 
colleagues (1967) surveyed the prevalence of chronic bronchitis in a 

mixed mining and nonmining population in Carletonville on the 
Witwatererand, South Africa. Chronic bronchitis was more common 


i? 


among miners who smoked than among nonminers who smoked, but 
there were no significant differences in prevalence of bronchitis 
between miners and nonminere who did not smoke. The prevalence 
of bronchitis was substantially higher among smokers than among 
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nonsmokers in both the dust-exposed and the nonexposed popula¬ 
tions. Evaluation of Vermont granite shed workers (Theriault, 
Burgess et al. 1974; Theriault, Peters, Fine 1974; Theriault, Peters. 
Johnson 1974) revealed that both smoking and cumulative dust 
exposure contributed to the differences in FVC and FEV, among 
these workers, but the effect of smoking was larger than the effect of 
duet exposure, using a multiple regression technique. A dose-re¬ 
sponse relationship silica dust exposure and decreased lung 

function was der^jp«ratfed in both the Vermont granite shed 


workers and the Shuth 
% Glover and colleague 
P workers from the 


Jgican gold miners (Wiles and Faure 1977). 
1?30) examined 725 workers and former 
Sines and quarries of North Wales and 530 


men from the same ar|a who had never been exposed. The 


prevalence of chroi^ife^ 
ers not exposed to |iu^| 
exposure. Smokers' wf 
cough of 27.5 perc^g; 
tj^mokers with dust ex( 
Was low^^the si|§Jg 
nonsmt|tis^worker|^ 
dust-exfkxsecrand tfil”f 
sion^^^^nts fcpli 
nonexposed nonsmioke 
nonsmokers, but tlH<S 


ranged from 5.2 percent in the nonsmok- 
ffjS»A 9.4 percent in the nonsmokers with dust 
ivith'ftc exposure to dust had a prevalence of 
prevalence was 33 9 percent among the 
ixposure. FEV, (standardized to a fixed height) 
g^g^^van in the nonsmokere. The dust-exposed 
^had s lower mean FEV,, but the values for the 
I'ftipnexposed smokers were similar-The regres- 
with age were 20 ml. per year in the 
kersand 33 mL per year in the dust-exposed 
g^wlRbients for smokers were simitar between 


the dust-exposed (40 mj^^tear) and nonexposed (4b mL/year) men. 
The absence of an KEgpnsf dust exposure among the smokers in some 
of these studies mfy'T>e'l$e result of the cessation of smoking by 
those workers witeffecTih sing lung function, as suggested by the 
observation that t^e rnejtfh FEV, and regression coefficient for 
: decline in FEV, among slate workers was worse in ex- 

? smokers than in eitifejaRs&iiKtent smokers or nonsmokers. In contrast, 


^ the values for ex-smoKfeVs tn the general population were between 
| those for smokers a^g|g§jjgpg|for nonsmokers. 

* Only a few prospective studies of silica-exposed workers have been 
% reported in the literature. Four of these studies are summarized in 
.# Table 4 (Higgins et al. 1968; Pham et a|. 1979; Kauffmann et al. 1982; 

Manfreda et al. 1934). Two other prospective studies of silica-ex posed 
| workers are not included in this table because of methodological 
questions. Brinkman and colleagues (1972) followed a group of 
Ji foundry workers with silica exposure and with silicosis over an 11- 
^War period. Only a third of the men known not to have died in that 
interval were restudied, however, raising questions about the 
validity of the finding of no apparent difference between the silica- 
exposed workers and the unexposed workers in decline in lung 
function over time. The original cross-sectional study found poorer 
lung function among silica-exposed worKers and silicoLics. Musk and 
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colleagues U977) conducted a 4-year followup study of Vermont 
granite workers and reported a substantially higher annua! loss in 
lung function than predicted from previous cros3-aectional studies of 
this population. However, reassessment of some of these data has 
raised questions about the adequacy of the pulmonary function 
testing (Graham et al. 1931). Reanalysis of the population revealed 
that Vermont granite workers had an annual decline in FEV, of 44 
mL per year who had left the industry had a decline of 72 

mL per year al. 19S3). The smoking habits of those who 

continued wo firing {£0 pock-years) and those who had left the 
industry (27 gael^yeaifs) were similar. There was no statistically 
significant rel fejafatefe between lifetime dust exposure and decline 
in FEV, for either thetworkers who were still working or those who 
had left the 

One of the ^t^R^tesdies reviewed in Table 4 found no increased 
decline in lurfg function over time among silica-exposed workers 
(Higgins et a|£il$68&j On followup, however, the mortality rate 
amongthc fougdt^mgp in the original study (Table 3) was appreci- 
abS^Tt?|her, pa^efSSrely among those with silicosis and among older 
woi3mii Smo$i® habits were recorded in this study, and the 
^ uwte^ work^jAQ^noked had lower mean FEV, values than the 
nonsmoking foundry Workers in both the 25 to 34 and the 55 to 64 
age groups. Ph§|ii:18S|:o)leagues (1979) found consistently increased 
declines with agc'-'H^all measures or lung function studied (FEV,, 
FVC/FEV,, R|j|^EC, .and fractional uptake of CO) among silica- 
exposed steel Workere'Sompared with unexposed workers. Results for 
smoking and ^Vbh'gtffftking workers were not reported separately. 
Lung functioned, exposed men in the original survey was 
somewhat higl£i$tilm in the unexposed workers (although they had 
much more brSM®|iteg$|. suggesting that selection processes (healthy 
worker effect^ oc^urr^d in this study. Kauffmann and colleagues 
(1979, 1982) increased declines in smoking-adjusted lung 

function over time ambng workers exposed lo mineral dust (especial¬ 
ly silica), and argued that the mineral dust and silica exposures were 
most likely to be causal. Their findings are consistent with this 
conclusion, but exposures were assessed by type of job, and informa¬ 
tion on silica dose or interval progression over the 12 years of study 
is tacking. Manfreda and colleagues (1984), in a 5-year followup 
study of hard-rock miners and smelter workers, reported significant 
declines in FEV,/FVC for both smoking and mining industry 
exposure. These effects were quantitatively similar, but may reflect 
more of a smelter effect than a mining (silica dust) effect, as that was 
the finding on their original cross-sectional study. The prospective 
study abstract does not address this question. 
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3 athogenesi* of Silica-Related Health Effects 

The characteristic pathology of the various forms of silicosis are 
veil described in recent texts dealing with occupational respiratory 
liseases (Park.es 1962; Kleinerman and Merchant 1983). The mature 
esion of silicosis is the hyalinixed nodule that is spherical and 
typically varies in si re from 3 to 12 mm. The nodules are more 
wmmonly found scupper lobes, but are found throughout the lung 
md are frequently attbalaiaral. Microscopically, the nodules have a 
vhorled appearanipJ^Sniposed of lamina of acellular hyalin. The 
xjrders of the lesions are.|ypically serpiginous and are composed of 
hgment (especial^ i^.-.-«s|x:iated with a coal exposure), chronic 




coal 

y lymphocytes and plasmacytes), and 
into the surrounding lung parenchyma, 
bly refractile silica particles 1 to 5 pm in 
the lesions and within macrophages in 


nflammatory cel 
xmnective tissue ^itehi 
Jfith phase microsi 
liie may be observj 
he surrounding in 
Acute silicosis, 
modular silicosis in'Tl 

^ th 

rue rosciipy arid x-ra. 
ringeniPtfe and 


silicoproteinosis. differs from classical 
e principal finding is alveolar proteinosis 
nterstitial reaction. Scanning electron 
micrbanalysis have demonstrated small bire- 
te particles (less than 1 pm in diameter) in 
_‘ 1984). 

Progressive massive fibrosis may develop on a background of 
:ilieosis through th^^^^^ment and sometimes the coalescence of 
■he nodular lesions of'-sUkosis Into conglomerate silicosis. These 
esions form most cggbiranly in the apical or middle portion of the 
ipper lobes and ar#ffeqtitl 4 tly complicated by tuberculosis. Cavite- 
ion of these lesions§ro*j*eequr with or without tuberculous infection 
Kleinerman and Merchant |983). 

The mechanisms l^f^Sduce silicosis, and particularly conglom- 
rate silicosis, are ’jjtiU..na<j fully understood. The cellular events 

r to arise from the cytotoxicity of the 
a principal lung defender, the alveolar 
is of the silica particle, cell death is 
aused by the release of proteolytic and hydrolytic enzymes into 
nacrophage cytoplasm. The release Of these cytoplasmic constitu¬ 
ents, including the still biologically active silica particle and 
ibroblast stimulating factor, may then lead to fibrosis (Allison et al. 
966,1977). 

As has been noted with other types of pneumoconiosis, silicosis 
Sid particularly conglomerate silicosis) is associated with a high 
irevalence of circulating autoantibodies (ANA and RF) (Jones et al. 
976; Turner-Warwick el al. 1977). Although silica exposure and 
iarticular!y silicosis may be associated with rheumatoid arthritis 
; nd several other collagen-vascular diseases, the role of these 
.nlibodies in the etiology, onset, and progression of silicosis is not 


eading to lung injq 
sspirable silica par 
nacrophage. Upon 
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clear (Parkes 1982). Angiotensin converting enzyme (ACE) elevation 
has also been reported among silicotics (Gronhagen-Riska 1979; 
Nordman et al. 1984). Nordman and colleagues (1984), Ln a case- 
reference study of the Finnish Occupational Diseases Register from 
1965 to 1977, reported an association between. ACE activity and 
progression of silicosis. Smoking, age, and bronchitis were not 
related to ACE activity, which was thought to reflect accumulation 
and increased degradation of macrophages. Histocompatibility anti¬ 
gens (HLA) have also feaeti studied elk possible genetic risk factors for 
silicosis, but wit|^inabte results. Koskinen and colleagues (1983) 
found that the pr$y.alen<!§ of HLA-AW19 was higher in their Finnish 
silicosis patients thfig tn ithe silica-exposed referent population and 
that the highest ^^li^^pveloping advanced silicosis was associated 
with the phenotypic combination AW19 and B18. However, Sluis- 
Cremer and reported only a decrease in HLA-B40 

among 45 South J|gg|j|^jggotd miners These variable associations are 
statistically weak and m^y be related to the number of statistical 
tests performed o§g£i£PM|ltiple HLA antigens. 

The paihogenejis cif airways obstruction in silica-exposed workers 
is l esfa wM I unde!»..»v' tAlihough increased rates of bronchitis and 
have been observed in epidemiological 
xposed and unexposed workers, it appears 
largely separate from the clinical and 
epidemiological silicosis. In the largest and best controlled 

study of a reasonatHySure silica-exposed sample of 1,97.3 white gold 
miners (Irwig and^e^fe?' 1978), chronic bronchitis was found to be 
equally common flawyt-d^iose with radiographic evidence of silicosis 
and those withoib^-Xtesmoking habits of miners with radiographic 
silicosis and ol those without silicosis were not significantly different 
statistically. Sili&&£$^gg$orted only more days away from work, a 
finding the authbrs suggested may have been as related to their 
compensation their disease. Comparison of lung function 

between silicotics. ana their silica-exposed referants revealed equiva¬ 
lent FVC, FEV,, fliPill^ls-Ts-x among silicotics. 

Recent pathological evidence of a nonfibrous mineral dust small 
airway lesion has been provided by Churg and Wright (1983). This 
pathological process, which they labeled mineral dust airways 
disease (MDAD), is similar to that produced by tobacco smoke. This 
pathological process involves primarily respiratory bronchioles, with 
a lesser extension into alveolar ducts. This lesion generally involves 
more pigmentation and mare thickening of the bronchiole walls than 
is typically found in cigarette smokers. In a recent study by Churg 
and colleagues (1985) of 13 cases of patients with MDAD, 7 had 
occupational histories consistent with a primary silica exposure. 
Only 1 of 121 cases without a clear history of dust exposure was 
found to have MDAD. Those.with MDAD. matched for age and 


d fecre pS!8s§|Iung £$g|twi 

thaf ltS? ftndi|itf§il 


340 


http://legacy.libraify.ucsf.efiU>tii±f^qdflp90/polfw.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 4059 


smoking habit with 13 cases without MDAD, were found to have 
significantly poorer lung function, including clinically relevant 
lower mean levels of FEV,, FEF«-t 3«, and FVC and increased 
RV/TLC and AN ( per liter as percentages of that predicted. It was 
also noted that significantly more membranous and respiratory 
bronchiole fibrosis occurred among subjects with MDAD. The 
similarity in location, morphology, and physiological impairment 
between the patholfegy v induced by mineral dust and that observed 
i with cigarette sraol^giS§jgests that the cellular events giving rise 
to them may be siiimar. Although a good deal is known about the 
;>athogenesis of LheprocesSf^rising from cigarette smoke (US DKHS 
5984). systematic studies of mineral dust airways 

disease have not beelt^w'tled. 


4 Silica Exposure a<|jgggggg|r 

InitU! concerns a^^thig association between silica exposure and 
^cancer arose durin|pr|p'*§530s among investigators in England, 
Canada, §m<ySouth|AhJ&k^n the early research on this topic, the 
focus w^'dn^the prcfporliwvsf lung cancers arising among autopsied 
^ cases of 8f3fii§8|is corr^Ssigd with that among nonsiliootics or members 
of th«^epgj&t|pub!i&^y) ftjithe early research (Dible 1934: Anderson 
-,,^and Dible 1938; Kenhaway%nd Kennaway 1947; Klotz 1939; I rvine 
: ' :8 | 1939) was character faBftttas& e lack of any data on smoking. 

^ Early assessments bf'-lbe association between silicosis and lung 
gcnncer were surnrnq,M|^P^ Huepcr (1906). More recently, Hepple- 
s^'ston (19851 summaprewri'tite autopsy findings from South Africa 
|(Becker and Chatgidakis-A^O, Chatgidakis 1963). from Switzerland 
a# : (Ruttner and Heer'1969), |nd from Germany (Otto and Hinuber 
^.1972). but again no data were presented. The reports from 

«*JjSouth Africa and Switzerland showed no differences in the ratio of 
s ..lung cancers betwder^wwtics and controls. However, Otto and 
®|Hinuber (1972) sho y ^fthai porcelain workers with silicosis had 
g^more than twice ti|ff*f>rojl»>rtion of lung cancers as the noncases. 
j^Early studies suggested that silicotics have an increased lung cancer 
x^risk (Dible 1934; Klotz 1939; Mittmann 1959) or that silicotics with 
** respiratory cancer have greater concentrations of silica in lung 
j^tissue (Anderson and Dible 1938). However, data from Bridge (1938), 
^Heppleston (1985), Hueper (1966), and Irvine (1939) suggested that 
SS *%ung cancer risk among silicotics is less than or equal to that of men 
silicosis, regardless of their occupation. In reviewing the 
evidence. Hueper (1966) observed that the data support the idea that 
lung cancer is a coincidental finding among silicotics and that there 
is no elioiogical relationship 

None of these studies addressed the smoking status of the subjects, 

a crucial omission in any study of lung cancer. Furthermore, age was 
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| nol adjusted, nor were there any quantitative estimates of the silica 

^ exposure or assessments of the severity of the silicotic lesions. 

j 

;P' Epidemiologic Studies of Smoking, Silica Exposure, 

Silicosis, and Cancer 

^ &;• Silica-Exposed Cohort Studies 

Occupational silica dust exposure is common in many industries; 
therefore tids.section is organized so that exposure studies in work 
settings tha t can be examined together, i.e., metal ore 

mining, theiSfteel industry, Bnd workplaces where exposures are to 
silica only. " : i; 


8 \ 


Metal Ore 

McDonald 
study from 
cohort that 
at the mine, 
using South 





eagues (1978) conducted on enlarged followup 
1973 of the Homestake Veterans Association 
§1,321 men with at least 21 years of employment 
dized mortality ratios (SMRsl were calculated 
a^ota mortality rates as opposed to U.S. rates. The 
ncer rates were lower than those for the United 
e. Using dust exposure data from company midget 
, thp authors examined the pneumoconiosis (mostly 
in five categories of dustiness, collapsing 
owing to small numbers. The data showed 
eumoconiosis and tuberculosis, but no gradi¬ 
ents emerged forespiratory cancer. 

Brown on<$|&^feag|ies (1985) also, conducted an assessment of the 
Homestake gold millers. The cohort included 3,328 white male 
miners emplayed atl^ast I year between 1940 and 1965 and followed 
ie authors calculated SMRs using person-years 
mortality rates with rates for U.S. white men. 
ure by job location was assembled for the 
ing^dose-response gradients. The SMR for malig- 
trachea, bronchus, and lung was 100, with no 
trends in latency or dpst exposure by length of employment. 

Katsnclson and Mokronosova (1979) examined the mortality at a 
U.S.S.R. gold mine and at several brick plants from 1948 to 1974. 
Dust concentrations were not specifically stated for workers in the 
gold mine, and an approximation of the SMR (which the authors 
termed "relative risk") was calculated to compare the cancer risk 
among gold miners with the cancer risk of residents of a nearby town 
(excluding those who worked with chromate dusts and adding to the 
comparison group those who worked less than 3 years in the plants 
under study). The authors reported a relative risk (RR) of 7.9 
(p<0.001) for lung cancer among the male underground gold miners; 
without the sdicotics. the RR was 3.1 (p < 0.02). Surface workers had 
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a nonsignificant RR of 1.6. No iung cancer deaths occurred ataong 
women during these years. No smoking data were presented for gold 
mine workers, although data presented for workers at a silica 
firebrick plant and an aluminosilicate brick plant indicated that two- 
thirds to three-fourths of the men smoked, whereas only 0 to 15 
percent of the women did, There appeared to be an inverse gradient 
of the proportion of lung cancers by stage of silicosis or silicotubercu- 
losis (although no,standard classification such as that of Internation¬ 


al Labour Office (19&0) 

Armstrong an^PfUiues (1979) followed 1,974 Kalgoorlie gold 
miners from Western Australia (whose smoking habits were mea¬ 
sured between l$& :c ftja<i'tl962) for silicosis incidence and mortality 
through 1975. Eigswfikgs^death rates were obtained from the age- 
specific death rafiis of Western Australia during 1963-1967, 1968- 
1972, and 1972-ip|6gj|Sitere were significant (p<0,Ql) mortality 
excesses for respirat^h :;; $ancer (SMR 140) and for pneumoconcisis 
and silicosis (SMljPProj®T|>e authors compared the cancer risk of the 
underground mini^gfjl^^he surface miners and also the association 
between silicosis,Nmpcmg, and lung cancer. They observed a 40 
perceiRjHUjfiSS on&&||&&$Cur among underground workers and a 13 
percerii^ excess rfsK of pulmonary cancer among silicotics (both 
.nonsi^^^nt). It^^l-1962, the Kalgoorlie miners had a greater 
pre^sjpgg^iof 3 percent) than either the coal miners 

(58.7 percent! or the male;residents of Busstlton, Australia, in 1966 
(53.2 percent) an^i^^ to smoke more cigarettes per day. The 
Authors stated that thsJung cancer risk was probably a function of 
the heavier cigar^a^^f6king habits cf the miner.! and that there 
was little evideriar'ttrllnk experience underground (and thus 
exposure to silica/to-Wng-jpancei risk. 

Costello (1982) conduct^ a followup study of 12,258 white "metal 
ore" miners who§^£iiifart of a 1958-1961 U.S. Public Health 
Service (US PHSlkurvey $f silicosis and the metal mining industry. 
SMfts were calcu@i^^®«,hg as expected values the 1968 through 
1970 white male mjKjkyjiy rates in the 16 States where the mines 
were located. The«3hm5ulhowed that the cohort as a whole h3d an 
alt-causes SMR of 105.9 (p< 0.01); the SMR for cancer of the trachea, 
bronchus, and lung was 126.6 (p <0.001), and the SMR for pneumoco¬ 
niosis (mostly silicosis) was 343,6 (p<0.COU. Both digestive tract 

Cancers and hypertensive heart disease were significantly reduced. 
Costello presented several cause-specific and ore-specific SMRs that 
were all significant at p<0.05. Respiratory cancer SMRs were 130.0 
^mong lead tine miners. 354 6 for mercury miners, and 346.5 for 
chromium miners. Highly statistically significant SMRs for pneumo¬ 
coniosis were obtained among copper, lead zinc, molybdenum, and 
gold or silver ore miners In the US PHS 1958-1961 survey, H.5 
percent of the metal miners were nonsmokers, 10.9 percent were ex- 


SMRs were calcul 
1970 white male i 
were located. The 
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smokers, 70.5 percent were current smokers, and 37 percent were 
pipe and cigar smokers. The smoking status of 0.4 percent was 
unknown. Costeiio argued that on the basis of a relationship between 
lung function tests and lung cancer, cigarette smoking wa3 the major 
predictor of excess lung cancer in theae metal ore miners. 






Steel Industry 

Gibson and editfcagjjes (1977) conducted a retrospective cohort 
study of the D^jigiietr^sleel mill workers in Hamilton, Ontario, 
Canada, from 196^ to 1976. The authors compared foundry workers 
with nonfoundry|t ; wj^5te^ and reported a lung cancer SMR of 250 
(p <0,0005). They|j^||(^etropoliUn Toronto male mortality rates to 
calculate ex peeled'values) The authors noted that the finishing area 
had the highest of total suspended particulates (much of 

it silica), respirable;peculates, and benzene-soluble fraction of 
total suspended ^Sm^mites. The molding and furnace work areas 
had similar induSJtrj^kh^giene characteristics. No smoking histories 
were available foF mTCOTIort as a whole. However, 22 of the 24 men 
with Vnni smokers. The authors proposed that 

smokmg ajtd paHiculate exposure (containing adsorbed organic 
matefreif^ightb#§^explan8tLon for the excess lung cancers- 

EgppSSikolleaqjjgjii8|3$gB3> conducted a case-control study of lung 
cancer among white mep in eastern Pennsylvania to assess the 
association with ^pp8l$®fjent in the steel industry. Interviews with 
next of kin provideSTrrforrnation about residential, occupational, and 
smoking historie^|J$»' authors demonstrated a smoking-adjusted 
odds ratio of 2.2pTOf*VI$!£al employment in the steel industry (95 
percent confidends^mterv^S, 1.5 to 3.3). The odds ratio for lung cancer 
was also calculated by .smoking category and was significantly 
elevated for lightlja£ii6sjPs and heavy smokers but not for nonsmok¬ 
ers or for moderat^|j|py|!!’5. 

Workplaces With to Silica Only 

In contrast with workers in the foundry and mining industries, 
where silica exposure is most likely to be "contaminated” by 
combination with organic foundry fumes or asbestiform materials, or 
radon in the case of mining, some workers are exposed to "pure" 
silica. These workers arc found in several industries, including 
ceramics or firebrick manufacture, granite quarrying, or tunnel 
^digging. 

Katsnelson and Mokronosova (1979) examined lung cancer at two 
aluminosilicate fireclay plants and at a silica firebrick plant. 
Although the firebricks and the fireclay dusts contain high levels of 
quartz, no dust samples were collected in the plants. The relative 
risk (KRI foe lung cancer (or the male workers was 4,0 l.p<0.0l) and 
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4.5, respectively, at the fireclay plants, and a nonsignificant SMR of 
5.1 was reported for the female workers at the first plant. At the 
firebrick plants the HR was 2.0 (p <0.05) for male workers and 0.8 for 
the female workers. 

Vermont granite workers are exposed to quartz dust with a 
concentration of approximately 30 percent free silica. Davis and 
colleagues (1983) conducted a proportional morbidity rate (PMR) 
study of 969 deceased white granite workers whose x rays were on 
file at the Vermont Division of Industrial Hygiene and who had died 
between 1952 an^|£&T<r^The -authors developed a dust exposure 
index for the purpose of assessing exposure profiles for their study 
subjects. They ana^j^.t^ data, excluding tuberculosis and silicosis 
after both of of death showed powerful excess disease 

risks. Slight exce^^s^for'digestive tract, lung, larynx, and prostate 
cancers were repocj^,.i$iluding a PMR of 1.3 for general respira¬ 
tory cancer (95 pe&enFconfidence intervals, 1.0 to 1.6). No apparent 
trends emerged remtm^'diist exposure categories with either diges¬ 
tive cancer, respiratontj^jicases. or lung cancer. Smoking data were 


tory cancer (95 pefeen 
trends emerged rdtetii 
live cancer, respir|ig£ 
not available for tmlft 
' Costg^g^nd 
Ve.-mwi H ffenite worl 
pe rsoni^pTO fo rmajISS 
Of % pS*«jon t Stats 
and date of death. :Sig 
for silicosis (SMR||f8 
excesses were confinS 
increased risks wepg^p 


Suto::^l9ft5) conducted a,cohort study of 5,414 
i^^re^from 1950 to 1982. The authors used the 
SHion file in the Occupational Hygiene Division 
tesi&Mtlth Department to ascertain date of hire 
ignificjjmt overall excess mortality was observed 
SSSfiSSt and tuberculosis (SMR 473.6), but the 
ribd-to workers hired before 1940. However, no 
seSsWfved for either respiratory system cancer or 



iung cancer. The IdiertcyEfme may have been too short to determine 
the lung cancer ^ek-wazpong granite workers hired after 1940. 
Information was lacking smoking and dust exposure, and the 
Vermont records employees at risk were incomplete. 

Selikoff (1978) ejwrinirve^a 932-man cohort of unionized New York 
City tunnel worke^S^n|w&%955 to 1972. These men were exposed to 
silicious dusts cohtgyyjlSs:sizable amounts of quartz, schists, and 
gneises, but there likelihood of exposure to asbestos. There 

was an SMR of 495 for pulmonary tuberculosis, an SMR of 160 for 
lung cancer, and a gradient in the risk of respiratory cancer 
according to the number of years worked. No smoking data were 
available, and it is possible that this elevated risk may be a reflection 
only of long-term smoking hobiLs and not ofsilica exposure. 


of Silicohcs 

Westerholm (1980) conducted a followup study from 1931 to 1969 
of silicotics from the Swedish Pneumoconiosis Register. For those 

whose silicosis arose from employment in mining, quarrying, or 
tunneling (MQT) and whose silicosis was diagnosed between 1931 
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and 1948, the lung cancer PMR was 590 (p<0.01); for MQT workers 
whose silicosis was diagnosed between 1949 and 1969, the PMR was 
380 (p <0.011, The other significant finding was among workers in 
the steel and iron industry (SIX) whose silicosis occurred between 
1949 and 1969; their PMR was 220 (p<0.05). Westerholm and 
colleagues (1985) extended the study from 1961 to 1980 to fellow up 
712 silicosis cases and 810 noncases from the Swedish silica exposure 
registry. matcHtMvfor ,-age. industry, and occupation. For MQT 
workers, the 538 (p<0.05) and for S1I workers, 385 

(p<0.05). Smoking was not adjusted in the first study, and in the 
second, it was iildirecffy accounted for by the selection of controls 


from the same 

Finkelatein aS 
silicotic miners 
reported an ovefai 
and 195 (p<0.0! 
between 1950 a 
ed. 

SchuUef and 
l278t§FT399 



Jlhe silicosis cases. 

es (1982) studied 1,190 Ontario, Canada, 
between 1940 and 1975. The authors, 
of 198 (p<0.01). with SMRs of 303 (p < 0.01} 
ties diagnosed between 1940 and 1949 and 
espectively. No smoking data wire collects 


119&5) examined the mortality from I960 to 
Slicosis in Swittirland. To account for the 
sequ^^f silic^^isuch as tuberculosis and cor pulmonale), the 
avtlih aB«s8efc lculatedf< AMMl and period specific mortality odds ratios 
(MOR). The lung cailoeriMORs by industry were as follows; miners 
229 (p <0.01); 118 (p<0.6); foundrymen 327 (p<0 001); 

others plus ceramTeworkers 237 (p<0.05); and ceramic workers 205 
(p=-0.25). The ovg^pMt)R for all Swiss silicctics was 223 (p<0.05). 
The authors not^^frat-’s^ioking is a major cofactor because smokers 
have more cheit„4yK0B^toms, thus making silicosis more easily 
detected, and because a High proportion of workers in silica-exposed 
jobs are smokers^^^^ from 60 percent to 85 percent. Because of 
the lack of significant lupg cancer risk among stone workers with 
silicosis (having pSispSlifounding exposure to polycyclic aromatic 
hydrocarbons than wbrkep in foundries), the authors argued against 
silica being a car^S8§8wp)Ut postulated an interaction of occupation 
and smoking. The authors cited the need for cohort studies of 
workers in these industries with silica exposure, including detailed 
smoking information. An additional question is the relation of lung 
cancer risk by degree of silicosis. 

Neuberger and colleagues (1985) examined the relative ask for 
lung cancer among Austrian silicoties from 1955 to 1979. The overall 
|g|risk adjusted far age and sex was 1.4 (p<0.05). The lung cancer 
relative risk increased from 1.31 in the 1955 to 1959 period to 1.42 in 
the 1975 to 1979 period. No information was provided on smoking, on 
industry-specific asks, or on possible silica exposure levels. 

Kurppa and colleagues (1985) examined the subsequent mortality 
of 961 cases of silicosis diagnosed in Finland beLween 1935 and 1977. 


31C 
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Using the Finnish male population as a comparison group, they 
observed 80 lung cancer deaths instead of the age-adjusted expected 
number of 25.6, a SMR of 312 (99 percent confidence interval, 230 to 
414). The authors also found SMRs of over 700 for pulmonary disease 
and tuberculosis. When the lung cancer risk was examined by 
industry, the SMR results were as follows: mining 436 (p<0.01); 
6tone industry 271 (p<0.01); Bteel casting 184; iron foundries 225; 
and other indu$*i^s 343 (p<0.01). The authors demonstrated that 
the SMRs for showed a 40 percent or more risk 

increase (de3pit^%mall numbers) regardless of whether the silicosis 
was diagnosed bertweertg 1935 and 1959 or between 1960 and 1977. 
The authors did inbffiaye smoking data. 

Zamboti and cstfeagilies (1985) examined a cohort of 1,234 silicotics 
From the Veneto^mgiq^of Italy who were diagnosed from 1959 to 
1963, and foUou|M^»ein through 1980. Complete occupational and 
smoking histori$^$£g§availablc. Overall, the cohort had striking 
excesses of infectious disease (tuberculosis) and respiratory disease 
SMRs of 1,960 and 741, respectively. There 
£) lung cancer SMR of 228 and a nonsignifi- 
r of the larynx (based on only seven cases), 
of lung cancer risk using years since first silica 
or dose (risk did not begin co rise until 20 
:ure). The gradient was maintained across 
ustries: tunneling and quarrying industries 
; SMRs of 239 and 569, respectively. The 
fly 13.2 percent of the cohort were nonsmok- 
is occurred in this group; thus, they believed 


(silicosis) mortal! 
was a significan 
cumSsfcr 
Therp&p^a gra 
expps.ij s r.c...«s a s 
years after the 
mining and tun 
had significant 
authors reported 1 
ers and only 3 of 



that the excess trjgrtgjjj^r was very likely due to smoking. 


Research Recoi 

1. Further 

tis and airways 



atlons 


dose-response studies on chronic bronchi- 
obstruction assessing silica concentration, 
smoking, ai?p£|!&Sii8y reactivity should be undertaken. 

2. Systematic,' well-controlled studies of lung tissue from silica- 
exposed workers to assess the pathology and associated impair¬ 
ment of small airways disease should be undertaken. 

3. Experimental studies of the interaction of cigarette smoke and 
silica dust on the pathogenesis of small airways disease should 
be undertaken. 

4. The potential for silica to act as a carcinogen alone or in 
combination with other exposures should be investigated in 
carefully controlled studies that include a detailed examina¬ 
tion of the smoking habits of the participants. 

5. Priority should be given to compliance with the current silica 
permissible exposure limit. 
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6. Systematic surveillance of silica-exposed populations to docu¬ 
ment silica dose and silica-associated health effects should be 
extended by government agencies, unions, and industry. 

Summary and Conclusions 

1. Silicosis, acute silicosis, mixed-dust silicosis, silicotuberculosis, 
and diatomacB^iji&garth pneumoconiosis are causally related to 
silica «xpoipr! : as oSsole or principal etiological agent 

2. Epidemiological .evidence, based on both cross-sectional and 


prospective demonstrates that silica dust is associated 

with chn)npfSlbi|iS$iitis and chronic airways obstruction. Silica 
dust and smoking^ are major risk factors and appear to be 
additive chronic bronchitis and chronic airways 

obstructioi||f&iS£t||tudies indicate that the smoking effect is 
stronger than the silica dust effect. 

3. Pathologic|P$fwta$$ describe mineral dust airways disease, 
which is tmKgiakyrically similar to the amall airways lesions 
ipaiisfed by dij^Wctesmoking. 

4m*witnber ^%udies have demonstrated an increased risk of 
$ §nSPi cancdjjS^Bij bp& rkers exposed to silica, but few of these 
studies have adequately controlled for smoking. Therefore, 
while the ^iilrlssid standardized mortality ratios for lung 
cancer in the^^|lopulations suggest the need for further 
investtgati<^^ra^otential carcinogenic effect of silica expo¬ 
sure (particularly in a combined exposure with other possible 
carcinogens), the evidence does not currently establish whether 


silica expos 


eases the risk of developing lung cancer in 


5. Smoking ed)! 
efforts to rec 
populations^ 


rts should be an important concomitant of 
burden of silica-related illness in working 
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Introduction 

Workers employed in industries that produce or use petrochemi¬ 
cals, aromatic amines, and pesticides can be exposed to chemicals 
that threaten their health. Substantial proportions of these workers 
smoke tobacco. It is possible that the hazards of smoking and 
occupation have independent damaging effects on health, but it is 
also possible that the two exposures act synergistically. It is the 
purpose of this chapter to review the available evidence bearing on 
the hazards of wprVi&glj^i industries where petrochemicals, aromatic 
amines, and pes|fedes are produced or utilized, and to explore the 
likelihood that 6|Bokin^!»;nd chemical exposures interact to enhance 
the risk of varipUSfe&n^ere and chronic obstructive lung disease. 
Unfortunately, very limited data on such potential 

interactions. 


Petr och em ical, 
Exposures 


The word 
petroleum or 



tic Amine, and Pesticide Workplace 



ponce: 
maiSiy oh ind 
valuable corn_ 
that separationHreSu 
ly exposed (man 


ical" means any substance derived from 
tu|aljjas. By this definition, petrochemicals are 
[ustry and agriculture, and worker exposure 
ude almost the entire workforce. Historically, 
adverse effects on human health has focused 
ere petroleum is separated into its many 
fineries) or where the various products of 
in such a way that workers are substantial- 
e of rubber and processing of leather, for 
example), iVorl^^ftXPS 15 ^ 10 Ihe products of inefficient hydrocar¬ 
bon combustioh^yghjcle exhaust, coke production) are also objects of 
concern because they ijihnle unburned hydrocarbons und also the 
many reactive generated by pyrolysis. 

A number of aromatic amines, such as betanaphthylamine and 
benzidine, are manufacture of dyes for the textile and 

garment industries Industrial exposure to some of these chemicals 
has been redmi^^^i^ise of the known carcinogenicity of betana- 
phthylamine and similar compounds. However, naphthylamines are 
sometimes used as antioxidants in the manufacture of rubber 
products, and significant numbers of workers are still exposed to 
benzidine, 4-aminobiphenyl. and other hazardous aromatic amine 
products. The groups of interest with regard to exposure are, 
therefore, rubber workers and people employed in the manufacture 
of aromatic amine dyes. 

Workers exposed to pesticides include manufacturers, formulators, 
custom applicators, and end-users, principally farmers. Farming, as 
an occupational category, has been included in some epidemiologic 
sLudies. Degrees of pesticide exposure on the part of farmers vary 
enormously both qualitatively and quantitatively; therefore, the 
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assumption that the health status of farmers is a reflection of 
pesticide toxicity is, at best, dubious. This chapter focuses on the few 
studies of the health status of workers engaged in pesticide manufac¬ 
ture, formulation, or application. 


Prevalence of Smoking in the Petrochemical, Aromatic 
Amine, and Pesticide Industries 

Informationonattaaking habits has been very limited in occupa¬ 
tional epidernstudies; there are no published reports that 
specifically desgj.ibe smoking habits of workers in the petrochem¬ 
ical, aromatic itrmje; afnd pesticide industries. A number of surveys 
have demonstipggiii$8| tremendous variability in smoking preva¬ 
lence between' occupational groups. The variation in smoking 
prevalence bet ^^^ ^upational groups, discussed in chapter 2 in 
this Repoit, injjjgOMllsihrit operatives and laborers have a higher 
prevalence of smoking and earlier ages of initiation. 

Because ievelj^l^^^j'ire to hazardous and potentially hazardous 
substances in Jhe |woritplacc are also greater in operatives and 
smokp^&Ihi potentially confound attempts to relate 
j* expo^gg^ tc the development of certain diseases known to 



oking, suen as lung and bladder cancer and 
disease. The independent contributions of 
to disease risk cannot bo determined, nor 
uated, without adequate measures of both 
of equal smoking axjicsure within and 
.g^hoits are often tenuous. Few of the studies 
reviewed in thi^ghggjer measured occupational or tobacco exposure 
adequately- : ^ 


occupation and 
can interaction: 
exposures. Assum_ 
between occupa| 



Interactions 


A synergistic 
effects of the t 
synergy quanti 
ratio for workers 



place Exposure and Cigarette Smoking 

two factors is one that exceeds the expected 
acting additively. Reif <19841 has defined 
nd unambiguously. Essentially, if the risk 
a given occupational setting significantly 
exceeds the expected additive effects of two exposures acting 
separately, potentiation, or synergy, of the two factors is inferred. 
When the combined action equals the sum of the effects of the two 
agents working independently, the factors are additive. Similarly, if 
two factors work independently, but their dual effect is less than the 
sum of their independent effects, antagonism exists Weiss (1980) 
reported that the risk of developing lung cancer after exposure to 
chloromethyl ethers (CME) was greater in nonsmokers and ex- 
smokers than in current smokers This example of possible antago¬ 
nism leads to speculation that the excess mucus that blankets the 
airways of smokers might, diminish the carcinogenic effect of CME. 
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Hants and colleagues (1985a) expanded their previous work to 
include current employees and retirees of two additional U.S. 
refineries and chemical plants. They analyzed 3,198 deaths from 
1970 through 1977 in an exposed population or 21,698 workers; 
standardized mortality ratios (SMRs) were calculated, using for 
comparison U-S. population mortality rates specific to age, sex, race, 
calendar year, and cause. Ninety-one percent of deaths in the 
refinery and cSsemicaJ. workers occurred among retirees. Although 
this study ideal ifijf^lkabie causes of death that appeared to be either 
unusually frecpgiit or infrequent in one or another of the three 
chemical plants studied, no statistically significant excesses or 
deficits of caiWenSf^ciftc mortalities were found for the cohort as a 
whole, relativtpK^ro^eneral US- population. Specifically, neither 
brain tumors ncuyjasWointestinal cancers nor lymphopoietic malig¬ 
nancies were be unusually common in the full worker 

cohort, as prev|iS^^|ies of chemical plant workers had suggested. 
At one of the three plants. deaths caused by ms lignart neoplasms in 
general and bj^i§HpBs|ve organ cancers in particular were signifi- 
cantlvui exc ess, jlhufe this result was counterbalanced by ths 
usidSuaify low ariOTtttniy experience from these causes at the other 
.twd^^its. Thj^^thors were impressed that certain subgroups of 
and rgar cancers w:rc increased They speculate 

that smoking cjoutd Kave played a significant role in these findings. 

In a secondthe same cohort, Hanis and colleagues 
.(1985b> used direSt^andardization of mortality rates. This report 
categorized wo^^Mfito nine occupational groups, of which five had 
"potential cxf$8StfflS" i '1to petrochemicals in their work (process 
operators, mech'Wteahwo r k e rs, laborers, service workers, and labo¬ 
ratory technicians an$| field workers), and four had "no exposure” 
(officials and professionals, technicians, and office and 

clerical workeisLag^ompared mortality experience between these 
groupings. CocnpapiShs used age, sex, race, and calendar-year 
adjusted rates.^^^w^ggrefiate:, all-cause mortality was higher for 
the patentially’exposeS workers (236.1 deaths/10,000/year) than (or 
the nonexposed workers (189.1 deaths/10,000/year). This increase 
resulted frum more circulatory system deaths (145.6 
deaths/ 10,000/year versus 106.6 deaths/10,000/year) and malignant 
neoplasms (49.B deaths/10,000/year versus 41.0 deaths/10,QOO/year) 
among the potentially exposed workers. The mortality rate for 
respiratory system diseases excluding lung cancer was lower for the 

potentially exposed workers (10,8 deaths/ 10,000/year versus 14.7 
deaths/10,000/year). Smoking histories (ever smoked or never 
smoked) were available for 70 percent of the cohort. As a group, 
workers who had ever smoked had significantly elevated mortality 
rate ratios (relative risks) for all causes (1.9), all malignant neo- 
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plasms (2.3), circulatory diseases (1.7), respiratory diseases (3.5), and 
diseases of the digestive system (2.21. 

Among workers who had ever smoked, all-cause mortality and 
diseases of the circulatory system were increased in the subgroup of 
potentially exposed workers compared with the nonexposed workers 
(risk ratios 1.2 and 1.4, respectively). Rates for .the potentially- 
exposed groups who had never smoked were not elevated compared 
with the rates foriHhe nonexposed who had never smoked. The 
number of deaths groups was small, so power for these 

comparisons is lowS^The analysis did not specifically test for an 
interaction betweei^#mali$i|g and petrochemical exposure. Addition- 




r cohort may permit a more powerful 
tion of the interaction of smoking and 
pecific cancer sites, 

ies have been directed at the hazards of 
the course of petroleum refining. The 
involves exposure to unique solvents 
fhylketone, xylene, and toluene) and to 
have some carcinogenic potential. A 
985) focused on mortality among 1,008 
ngaged in the rubricating-dewaxing process 
and 1978; 210 observed deaths were' 
dized mortality ratios were calculated, 
specific for age, sex, race, and cause, 
n at 5-year intervals from 1335 to 1975. 
icentrations of solvents were far below 
ards. The standardized moitality ratio 

for all causes was $bM.,.(significa«tly less than L.O, p=0 01) and for 
malignant disease,0.B6 (nek significantly different from 1.0). Of the 
site-specific cancer|g£g§ji$$^ty ratios, only that for bone cancer was 
significantly elevated (SMJt 10.3), but the elevation was based on 

uent investigation showed that only one 
ichymal tumor of bone origin The other 
cancers, one from a lung tumor and the 
other from a glial (brain) malignancy. Eight prostate cancer deaths 
were identified; the corresponding SMR of 1.82 was not significant. 
No deaths from cancer of the mouth or pharynx were observed, thus 
failing to confirm a previously reported association of these cancers 
with lubricating oil refining. No significant excess of leukemia 
deaths was found (SMR 1-67). No data on smoking habits were 
llected. 

The other studies of refinery workers summarized in Table 1 
showed an average or a decreased risk for lung and bladder cancer. 
Most showed a decreased risk for nonmaltgnant respiratory disease 
deaths, leading one group of researchers (Waxweiler et at. 1983) to 
speculate that strict enforcement of antismoking policies might be 
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al followup of this 
analysis, including 
petrochemical ex, ^ 
Certain epidemiofogi 
specific tasks perfo 
refining of lubricationoil 
nzene, hexane, 

* oilsjjheinsel v< 
recent ffiilf ("Wen? 
male won 

at betwe 

analyzed by cause 
using for compari 
based on the U.S, 

Recently measured, 
regulatory workpt 


only three cases, a 
of these was truly 
two represented mi 
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responsible for the reduced risk of smoking-related diseases in 
refinery workers. 

Cohort mortality studies in industries with similar environmental 
exposures are also described in Table 1. Redmond and colleagues 
(1972) described the increased risk of lung cancer and bladder cancer 
mortality in coke oven workers. The risk appears to result from 
exposure to^PAH emitted in the exhaust created during the coking 
process. UrtfclKumtfJsly, smoking information was not collected in 
this classic atudy.^i 

Doll and^'colleagues (1972) showed comparable results in their 





workers. Coal carbonization workers who are 
iitted by retort ovens had significant increases in 
rom lung cancer, bladder cancer, and bronchitis, 
n a 10 percent random sample in this cohort 
king habits of gas workers in the retort houses 
the habits of other gas workers. The authors 
that differences in smoking prevalence did not 
;y excess experienced by gas workers in retort 
snted that the sample size was too small to tell 
ay interaction between smoking habits and the 


cohort e 
exposed to 
mortality 
Smoking hi 
showed tha 
did not difl 
concluded, 
explain th> 

5. Th 
Iter th 
itiona| 

Rubber W^ri 

Workers Jnljlftl^n the manufacture of rubber products have tong 
been of c o r. c« r b bfe, .dcc u patio nai health professionals because their 
work enviraggeries .are commonly contaminated with dusts and the 
fumes of hundredsW industrial chemicals, including hydrocarbon 
solvents. Th*!'caTct'bogenic potential of a number of materials used in 
rubber manufacture—benzene, betanaphthylamine, and other 
amine and hW<i^%erivatives of hydrocarbons— is well documented 
in man, labi^Jor&dnimats, or both. Worker exposure to some of the 
most likely xarf»w>§ens has been described (Mancuso and Brennan 
1970; j'ine 1978). In addition, exposure to talc, carbon 

black, Rnd^thedvfet from the milling and grinding processes 
represents a continuing hazard to the respiratory tract. 

The feedstocks and solvents used in this industry are chemically 
diverse, and the mix of chemical exposures changes from one year to 
the next. Worker exposures are so different from one plant to 
another and from one time to another that it is questionable whether 
rubber manufacturing should be considered an '‘industry.” Diver¬ 
gent findings from the many studies since Case and colleagues (1954) 
first attributed an excess of bladder cancer in rubber workers to 
their occupational exposure may well result from the diversity and 
evolution of pollutants in this unique work environment. 

Production workers employed in manufacture, fabrication, and 
reclamation of rubber in September 1984 totaled 188,000 (US DOL 


366 


http ://legacy.library.ucsf.ed8Aifli/jlqORttP§/i0fflMA/w.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 4083 





'1984). There are no current estimates of the frequency or intensity of 
gmoking in this specific segment of the workforce. Because of 
^Smoking restrictions at some worksites where explosion hazards 
exist, smoking may not be quite as pervasive among rubber workers 
it is in other blue-collar populations who work where similar 
restrictions are not in effect. 

Epidemiologic studies aimed at determining the risk of cancer 
attributable to employfhqnt ip the rubber industry are summarized 
Table 2. All of th«|pjg$mn^s are surveys of mortality experience 
over the last severaf 'decades. All but two were of the historical 
Respective design. lr^Qng,.Rs smoking taken into consideration as 


factor contributing 
pbg the smoking hablSi 

€ ' (possible, to obtain. A?itc 
rms of malignancy" mj 
(brain, hematopoieti<|pij^ 
smoking-related canc^g^ 
An early analysis 

c? ber su «pl 

pespi rator^ ; .g|t>it<3u rmon 
%l. 1968). fftMequcr#^ 
1974) IMpSSf l,78%taj 


mortality. Direct information regard- 
iecedents was probably difficult, or 
;h the exception of bladder cancer, the 
ften identified es possibly excessive 
atic) are not commonly regarded as 


'""'An early analysis^"Proportionate mortality in Akron, Ohio, 
ls .r"ober w^ mmb RuggastRt^cess rates of cancer affecting the 
jgespiraton^j'kaitou rinory, and central nervous systems (Mancuso el. 

1968). X^iSRequer^^^torical prospective study (McMicheel etal. 
1974) 1by cause in a cohort of 6,676 male 

porkers employed from Janifary 1964 and compared catise^specific 
jjpMfts with rates bMjpN4»$| the U.S. male population and on 
'^previously published ratejfiqj; steelworkers. Elevated ratios suggest 
; |d excess risks of maliSwfht dLsease of the stomach, prostate, and 
‘.lymphatic and hematopoTetfS systems. There was no indication of 
Jfxcess risk of cancer or bladder at one Akron plant, and 

®pnly slight risk elevations at Jive other plants. No attempt was made 

assess the impact A followup study (McMiehael et al. 

§1975) tended to assb^atejJgjjkemia deaths with job assignments 
involving solvent 

In 3 prospective study of rubber workers. Fox and 

^'colleagues (1974) demonstrated an increased risk of mortality due to 
%ll cancers combined and to bladder cancer specifically. In subsam- 
^ples of this cohort, specifically workers in the tire sector and the hose 
Rubber sector, significant increases in lung cancer mortality were 
Subserved. These sectors of the workforce had known exposures to 
^asbestos. Smoking histories were not available in this study, 
-J^lkbough deaths due to bronchitis and emphysema were fewer than 
"/fleeted in tire workers 

A study of mortality and morbidity among Akron rubber workers 
included a cohort of 13,570 workers (Monson and Nakano 1976; 
Monson arid Fine 1978). Information was assembled from death 
certificates, and incidence data were also collected from local 
hospital tumor registries. Comparisons were made between the 
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cohort and the general male U S. population, and also between 
cancer incidence in specific departments and incidence in all other 
departments combined. There appeared to be increased risks of 
various malignancies associated with certain work areas, notably 
cancers of the gastrointestinal tract, lung, bladder, skin, and brain, 
as well as lymphomas and Leukemia. Interestingly, bladder cancer 
was not found to be in excess among workers presumably exposed to 
betanaphthyla&ine, and lung cancer did not occur with unusual 
frequency in wprfcigggts where operators had previously been found 
to exhibit respPmory morbidity I.ung cancer was found in excess 
among workers^angag^d in tire curing and molding and in deicing 
and fuel cell operS^bhi No effort was made to take into account the 
role of smokm|lsiiisliis%w^or causing cancer in this worker cohort. 


Studies Of Wi 


Exposed 


that exposure 

Un^^Stotes 
ISStjsadded e 

^!te rcir -' 

cancer hi ex| 
risk and expos 
(Clayson 1981; 
(1971) demonstrj 
and there is 
carcinogenic (Ji 



to Aromatic Amines 
Since the work of Rehn (1896), there has been increasing evidence 


x amines used in. the dye-making industry is 
of,'bladder cancer. Case series reported in the 
37) and in the United Kingdom (Case et al. 
ce that naphthylainines and benzidine were the 
faunting for the high incidence of bladder 
ical workers. Other studies uf bladder cancer 
omatic amines have been reviewed recently 
soh 1983). In addition. Melick and colleagues 
at 4-aminobiphenyl is a bladder carcinogen, 
E«i that benzidine-derived dyes may also he 
1983). 

Approximately 83,'7(^1 workers were employed in the manufacture 
of industrial o|gjg|^#hemicals in September 1984 (US DOL 1984). 
Some unknow^ fraction of these workers is exposed to aromatic 
amines. The Njit§$piiiinstitute for Occupational Safety and Health 
(NIOSH) (l979ix|j|m^«d that 79,000 workers in various categories 
are exposed topwWSwRbe and related chemicals. Since many of the 
aromatic amines are regulated as carcinogens and because new 
methods ars available for synthesis of dyestuffs, exposure to 
aromatic amines has decreased (Johnson 1983). However, benzidine 
derivatives are still commonly used and have not been studied as 
extensively as other aromatic amines. Benzidine derivatives are 
known to be excreted as free benzidine in the urine of rhesus 
monkeys (Rinde and Troll 1975). 

Mancuso and El-Attar (1967) conducted a retrospective cohort 
mortality study of 639 men who manufactured betanaphthylamine 
and benzidme. Fourteen deaths due to bladder cancer and one due to 
kidney cancer were observed, although less than one case was 
expected on the basis of the rates for Ohio residents Six deaths due 
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>..U) pancreatic cancer were also observed. Smoking histories were not 
Obtained 

:!S Zavun and colleagues (1973) identified a amail cohort of workers 
involved in the manufacture of benzidine. These workers averaged 
^3 years of exposure to benzidine. Of the 25 workers, 13 developed 
ladder tumors and 4 developed kidney tumors. Smoking histories 
^ere not reported, so the possibility of interaction cannot be 


A risk assessment: q^afe jia^mrt exposed to aromatic amines has 
ecently been reportla (Schulte et al. 1965). Thirteen confirmed 
of bladder c&n^pr- occurred in a cohort of 1,365 workers in a 
^ ant where betanaphthyTamiine and benzidine were manufactured 
||nd used intermitteifi^Sf(%fh 1940 to 1972. Cases were identified 
from an ongoing mortality survey, from a bladder cancer screening 
^linic, and from a local urologists. Incidence rates were 

calculated on the b|(ig§Sjti||person-yean of exposure, and were 
compared with the ^Surveillance, Epidemiology, and End Results 
ER) program's rates for the entire United States 

O&rall, bladder cance.r. iRSi^erice in the cohort was 3.9 times the 
^^^ncidenceftil^liie U-Sp^wlrll population. The incidence rate in- 
reased djseilzSical'.y duration of employment; this increase was 

indepe^^gg^ggj age. |ta|yjg£ideoce occurred with people younger 
than moat bladder earicSr Victims in the general population. Smok- 
^ ijig histories were ev|||gggggg| no significant differences in smoking 
Sp^attcrns were found between eases and controls, 
i""" % The relationship exposure to aromatic amines and 

JaSladder cancer has alj!&beerr4xplored in case-control studies. These 
0 Judies are reviewed hater-in. this chapter. 

Investigation of the carcinogenicity of betanaphthylarnine and 
pq^yAther aromatic aminSgS&BS^provided important insights into the 
ggg gs&ature of chemical ^rcm^^nesis in general. Decades ago, it was 
' KS " realized that bladdcriSS^i^^enesis was a species-specific phenome- 

a on: betanaphthylan™$Jirxd$ced bladder tumors in dogs but not in 
ats or mice (Scott 19pz^6»§mogetuc potential apparently depends 
,<S§§^n the pathway of biotransformation of the amine compound and the 
^g^fficiency of urinary excretion. This differs markedly in various 
"species. Because the oxidation products formed are dependent on 
inactivities of various oxidizing enzymes (mainly hepatic), substances 
.^.capable of modifying these enzyme activities (induction or inhibition) 
$p 5: **|ouJd influence the carcinogenicity of the aromatic amines. There is, 
^^^^^•efore. a rational biochemical basis for xenobiotic interactions It 
is now known that aromatic amines are capable of causing tumors in 
many organs and tissues of laboratory animals in addition to the 
urinary bladder. The distribution of cancers induced is again 
remarkably different among species (Claysori 1981). Finally, it is 
noteworthy that tobacco smoke contains measurable amounts of 


gjther aromatic amira 
.Mature of chemical 
^realized that bladder! 
Tion: betanaphthylamj 
iS’ats or mice (Scott 19$ 
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\ similar smoking habits: 49.7 percent of the pesticide applicators were 
| smokers versus 49.1 percent of the controls from the screening clinic. 
# Lifetime tobacco exposures were also similar for the two groups. 

Barthei speculated that the increased risk of lung cancer death 
5s:| could be partly attributed to arsenicals used prior to 1955 and 
■ possibly to asbestos present in the carrier substances 1 talcum, kaolin, 
; ,i! and bentonite) used in pesticide dust formulations. 

P ! ' Mortality surveysriwere conducted (Ott et al. 1974) to detect excess 
sgf cause-specific death^p^piimong workers engaged in the manufac¬ 
ture of arsenical |*alicides. Proportionate mortality ratios were 
SlSpalcutated for the ai*enic-dkposed workers (173 decedents) and were 
■^Compared with rati^J^v^d from the mortality experience among 
|| approximately l.SO^md^Sposed workers at the same company. 
' .{Arsenic exposure waasTou^fid to pose an average 3.5-fold increased 
risk of lung canceff t^'’magnitude depending on the estimated 
intensity (airborne cent ratio ns) and duration of arsenic 

exposure. An elevatedrisk .ratio was also found for lymphatic and 
^'hematopoietic maKfnW|Rnm| (3.9). but this was based on just five 
Hues (1A eg^tedli JaA te J tirttS no evident increase in risk for any 
pother mfTigtvInt didrosev *%ro$s-eectional review of smoking his to¬ 
ss* ries of t^^^enic-e^^^cd workers showed no differences from the 
empl^e^^ulBtwt^d^igsrieial, and no relationship to arsenic 


dosage estimates, f 
^ A subsequent stuife^||!g§$ried causes of death among 1,393 persons 
(male and female) overiacyeral decades at a pesticide manufacturing 
\plant in Baltimore, Mjg|§8lihd, where several hundred workers had 
® been exposed to airffern-s..»rhenica] compounds, mainly in the 1940s 
| and 1950s (Mabuc^^Uj^. 1979). Additional workers had been 
£■'exposed to various other pesticides, including organochlorines and 


carbamates, 


left employment were traced. The 


) mortality experience of the white population of the city of Baltimore 


was used for comp4)^|^^6|lowing the calculation of SMRs for the 
{target population. As, 5h tjje study by Ott and colleagues (1960), 
J significantly and sUw%SK«illy elevated ratios were found for lung 
cancer among male workers exposed to arsenicals specifically. The 
ratios increased with the duration of employment in arsenical 
manufacture, suggesting a dose-response relationship. Two cases of 
anemia were identified, one pernicious and the other aplastic. No 
excess of lymphatic cancer was identified. Among workers involved 
ir\ the manufacture of nonarsenical pesticides, the mortality pattern 
*t|is essentially the same as that of the Baltimore city white 
population. Although the smoking habits of decedents were not 
determined, the authors offered cogent arguments in support of an 
occupational rather than o smoking causality: (1) SMRs for smoking- 
related causes of death other than lung cancer were not elevated in 
the arsenic-exposed group, and (2) the strong dose-response relation- 
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ship between arsenic exposure and lung cancer would not be 
expected to be paralleled by a concomitant increase in smoking risk, 
when no such relationship was found among workers engaged in the 
manufacture of nonarsenical pesticides. 

Mortality among workers engaged in the manufacture of 2,4,5-T 
has been examined (Ott et al. 1980). These workers were presumably 
exposed to chlorodioxins. Mortality occurring among 204 workers 
from 1950 to 1931. was compared with that recently tabulated for all 
U.S. men. Of ; only 1 was due to cancer, this was a 

respiratory trspr malignancy in a 63-year-old retiree who had been 
exposed to tht^A-f.S^manufacturing process for 8 years and who 
3moked up to tivo {*Sck$ of cigarettes daily. 

As with thd® pWSiSS^iemical worker mortality studies, the few 
studies of workers exposed to pesticides lack specific information 
from which to the contribution of smoking to the increased 

risk of cancer.cohorts of workers manufacturing pesticides 
are not large, ft is unlikely that epidemiologic studies will be done to 
address specif|gj^jia|^ms regarding smoking end pesticide interac¬ 
tions. ^ i : 1 ^ 

Ocl^llional ^Ijbcsures and Smoking as Cattail Factors In 

$pmm£- Dise|&iSy 


Several invigjj^jpjji^hs have examined the rol^; of occupational 
exposures as rmiifp'tOT's in the development of specific diseases. The 
case-control desim*|Sss the disadvantage of being nonspecific and 
sometimes un^^^pjgjn identifying exposure that occurred in the 
workplace. Thgjnain Advantage of this approach is the opportunity 
to collect information*, on other risk factors, specifically smoking, 
together with^th&^j^eater statistical power that results from 
studying a !ai|p’r“iramber of cases than might occur in a specific 
industrial coh|w|gsJ'-!j|his section, epidemiologic studies or various 
cancer types a hachronic lungdisease are reviewed. 

All Cancers 


Dubrow and Wegrnan (1984) examined the occupational character¬ 
istics of 16,629 cancer victims who died in Massachusetts between 
1971 and 1973. They calculated the age-standardixed mortality odds 
ratios for various types of cancer within 321 occupational categories, 
relying on death certificate indication of the "usual occupation” of 
the decedent, and attempted to adjust for social class. To limit the 
confounding effect of smoking on cancer incidence, they used 
adjustment factors based on published estimates of smoking frequen¬ 
cy in major occupational groupings, together with lung cancer risk 
ratios Tor smokers and ex-smokers. The estimates of smoking 
frequency within occupational groups were based on a 1970 National 
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Health Interview Survey of 75,827 American men end women 
reported by Sterling and Weinkam (1576). The authors not only 
reported their own findings, but also compared their results with 
those from 11 other large-scale mortality surveys. 

In this study a large number of occupations wherein death caused 
by particular forms of cancer appeared to be excessive was identified. 
Certain associations, such as lung cancer in shipyard workers, have 
been confirmed lfcfc s pther studies; the associations are plausible in 
terms of well kr.awp:'exposures, especially exposure to asbestos. 
Significant exeesii&of bladder cancer were found among chemical 
workers and engineers,‘-sasmetologists, leather workers, and garage 
mechanics, again sgeMrally in accord with the view that particular 
occupational expopiiSSiSjp^e carcinogenic risks. High rates of certain 
cancers in schoolt^Mheja, clergymen, administrators, judges, and 
lawyers are muc^tri^tSl^iililTicult to understand in environmental 
terms. |§ri§iiss 

To the extent that the adjustment for smoking effects used in this 


analysis can be r$ 
Certain occupations 
quite ^pSSmrom th 
rel a i i yfccmdgn i t uck 

Datafrofii the i? 
Study of 7,518 incfe 
various occupation: 
assembled on each 
education, residerl 


pSjpbn, the study would appear to show that 
e, in^fact, associated with excess risk of cancer, 
«rsmoking. It is not possible to estimate the 
of the two risk factors, or the existence of 


Data from the f'mrartS&tional Cancer Survey (TNCS) Interview 
Study of 7,518 incjriag§3g&es were used to seek associations between 
various oocupationSaad types of cancer (Williams et al. 1977). Eata 
assembled on each ca^SpSbluded a synopsis of lifetime employment, 
education, resideriliu.vlac4tion, and use of tobacco and alcohol, es 
well as age, sex, r^y^acd socioeconomic status. The large number of 
cases and the detailed information available made possible a number 
of adjustments ar^Mjpjirisons not possible in other studies. The 
main analytical strategy was to compare, serially, the proportions of 
specific main lifep^pS^ustrics and occupations among patients 
with cancer at one.site|witlj proportions of patients having cancers at 
Other sites combiiP§iwPi|control group {intercancer comparisons). 
The advantages and limitations of this approach were discussed by 
the authors Even when smoking was controlled for statistically, 
people engaged in trucking were found to be at excess risk of lung 
cancer, a finding supported by the Massachusetts cancer mortality 
survey (Dubrow and Wegrnan 1984) Other transport, service, 
manufacturing, and construction workers were also at excess risk of 
gating cancer. As often happens, some associations were discovered 
that are difficult to understand mechanistically: excess leukemia 
and multiple myeloma in salespeople and malignant melanoma in 
schoolteachers, for example. The study does not present relative risk 
ratios for smoking within occupational categories from which the 
relative importance of the two factors might be assessed. As in the 
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Massachusetts mortality survey (Dubrow and Wegman 1964), it must 
be concluded that to the extent smoking effects were adequately 
controlled by statistical design, certain occupations appear to be 
associated with significant risks of cancer, independent of the role of 
smoking. Unavoidably, the occupational classes used for this kind of 
study are broad, the actual exposure circumstances within these 
classes that might be conducive to cancer can only be speculated. 

Viadana and coiieflgxies. (1976) studied 11,591 white male cancer 
patients and corvtMplS^io were hospitalized at Roswell Park 
Memorial Institutji'fietween 1956 and 1965. They used occupational 
histories to classify-casesiand controls as being exposed to "chemi¬ 
cals" and "combi&tiS^'beoducts,” and into specific groups within 
these broad classiSfcStiaiis; e.g., operatives in the chemical industry 
or bus, cab, or taxuJarNe^. Operatives in the chemical industry had 
an increased relatlyi^ife of having cancer of the stomach (RR 4.25, 
p<0.05). The rvl|$g||gjg|)GS for lung and laryngeal cancer were 
slightly, but not significantly, increased. 

Relative risks f§l§3pip|x (RR 3.63, p<9.05), pharynx (RR 3.33, 
%<0.05), aitd bla<^erf£RR 6.77, p<0.05) cancers were significantly 
elevat^^r operf&rvi^mlthc leather industry. Relative risks were 
aHered^tSSjr contg^g^ig for smoking, but the risks associated with 
ccctgii^^^ippeai^jlgj^g independent of smoking. The influence of 
smoking on' the ^W^Hociated with occupation were difficult to 
assess, because adjusted for age and smoking were 

not tabulated. Instead', these results were discussed selectively. 
Although the inforjg|l|3w$rv needed to investigate the interaction 
between smoklngpiia..«ic^ipalion was available, this report did not 
discuss this issue. 

; } 

Lung Cancer 

Stayner and £1983) used a case-control design to study 

the relationship SSwpwf* smoking, lung cancer, and occupation, 
based on a portijM^J^y^e data from the Third National Cancer 
Survey. The anaTysTs'^vks limited to men aged 30 to 84 when 
diagnosed as having lung cancer who had responded to an interview 
that included occupational and smoking histories. Occupation was 
coded in broad categories defined for the 1970 census. Cases and 
controls were grouped as "ever" or "never" users of tobacco to 
control for smoking exposure Controls were selected from survey 
^participants with other types of cancer, excluding those individuals 
''with the types of cancer that have been associated with occupation 


or smoking {e.g.. Up, mouth, pharynx, larynx, esophagus, pancreas, 
bladder, liver, skin, brain, and blood and bone marrow). These 
exclusions left 900 controls to be compared with 420 cases. BLue- 
collar workers had an odds ratio (OR1 of 1.24 (p<0.05) for developing 
lung cancer after adjustment for smoking status and age. This 
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^ difference was due in pa n to the increased odds for developing 
squamous cell carcinoma (OR 2.11. p<0.05) compared with average 
odds for developing adenocarcinoma (OR 0.97) and small cell 
carcinoma (OR 1.22). When the data were analysed using more 
narrowly defined occupational gToups, no statistically significant 
associations were found. However, when histologic types were 
considered separately, laborers had higher odds ratios for small-cell 
carcinoma (OR 2.47f ^<0.05) and squamous cell carcinoma (OR 1.97, 
p<0.05) after adjus^^^ smoking. 

Stayner and WjSgman reported positive associations between 
“(smoking and all thfSe histiilogie types of lung cancer. They did not 
: ¥ ! consider the potent^^u^cticns between smoking and occupation 
p in discussing their ffSta/Tfreir report did illustrate the importance of 
considering histolo^^^vpf^vhen conducting etiologic studies of lung 
"( cancer. 

Few studies of osscapsKtSial risk focus on women. Leung (1977) 


1 


.••.■ported an associ 
sng cancer in Cl 
control was 

for the ^la.tLvcly h 
w om e nm s f 1 or. g 

(45/80) of the wom< 
the male smokers: 
"nonrandom” populatii 
cases in women, 9 
over 2 years com 



een cooking with a kerosene stove and 
Wlmen living in. Hong Kong. This cise- 
to identify factors that might account 
lity rates for lung cancer experienced by 
In 260 consecutive cases rf histologically 
lent (166/180) of the iuen and 56 percent 
cigarettes compared with 59 percent of 
percent of the female smokers in a 
pimple. In a seccnd series of 44 lung cancer 
\\l (40/44) used a kerosene stove daily for 
36 percent of the families sampled in 

seven areas of Hong'K©ng(\ 

The sampling schemes ||sed in this study could easily produce 
biased results. SmoPSfipivalence in the community was based on a 
convenience sampiftjmd m|ght have underestimated the prevalence 
of smoking by wompn^fferoSene stove usage could be associated with 
many other enviro&HHgUja^ exposures that might be related to lung 
cancer. NeverthellssT strSng associations between smoking and 
kerosene stove use and lung cancer were found among women. The 
author concluded that the question of synergy between stove usage 
and smoking requires farther study. 

in a case-control study of lung cancer. Pastorino and colleagues 
(1984) estimated the proportions of lung cancer attributable to 
smoking and occupational exposure to known or suspected carcino¬ 
gens. Lung cancer cases were drawn from a well-defined geographic 
area in northern Italy where a large proportion (74 percent) of 
employed men work in industry. In this area, 240 incident cases of 
lung cancer in men occurred between 1976 and 1979. Twenty-nine 
cases were excluded because diagnostic criteria were not met and 7 
cases Could not be reached for interview, leaving 204 cases (85 
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percent of total) for analysis. Controls were selected at random from 
the electoral rolls of men living in the same region and matched with 
cases for age within 2 years. Of the 366 controls enrolled, 15 could 
not he reached for interview. Interviews were conducted by two 
occupational physicians and two public health nurses. Occupational 
histories focused on specific exposure to asbestos, tars and mineral 
oil, chromium, nickel, arsenic, bis-chloromethyl ether, chloromethyl 
methyl ether, fin^i chloride, and polycyclic aromatic hydrocarbons 
as contained exposure" was defined strictly as a work 

situation wherjpthe subject could not have been exposed to these 
materials. "Pospble , ‘'^d ’‘probable" exposures were defined on the 
basis of descrifftio^ ofjBpecific job tasks. Ten percent of the control 
interviews andp^p^Bfnt of the case interviews were with next of 

The relative ?ftfe|jf^|ung cancer was strongly related to cigarette 
smoking in a 4Mi!g&|ted way. Relative risk ranged from 2.3 for 
smokers of 1 *oi9 cigarettes per day to 9.0 for smokers of 30 or more 
cigarettes per ^^IS^cupational exposures were also positively 
associated withjlunig cancer. The relative risk for possible exposure 
\vas|pi£pand exposure, 2.7. The authors estimated that 

81 p&^$£t of lu<jjjg£a.ncers could he attributed to smoking (£5 percent 
con fidence interf* ai^6§ to 93) and that 33 percent could be attributed 
i^e to known carcinogens (95 percent confi- 


itionals 

dance interval, 
Pastorino an 
positively with o<< 
relative risk in 


es (19841 illustrated how relative risk varies 
exposure and cigarette smoking. The 
iSSLsto men without occupational exposure from 
1.0 in nonsmokdrsjla 2.7, 6 2, 9, and 11 in men who smoked 1 to 9, 10 
to 19, 20 to 29, -an i "ffiStor more cigarettes per day, respectively. In 
men with possiiy^^fldy^robable occupational exposure, the relative 
risk increased frtnrinJrTjin nonsmokers to 3.8, 14, 19, and 20 in men 
who smoked 1 lcfcfeafcgaielll9, 20 to 29. and 30 or more cigarettes a day, 
respectively. Occupational exposure was subcategorized by exposure 
to asbestos and most common occupational exposures in 

this study. Both were Independently associated with lung cancer 
risk. The relative risks associated with asbestos and PAH exposures 
in combination with smoking were more consistent with additive 
effects, but a specific analysis of the possible interactions was not 
discussed. 


Bladder Cancer 

In the last 15 years, many case-control studies and analyses of 
mortality statistics have been used to examine relationships between 
occupation and biadder cancer. In only a few has enough historical 
information been aggregated in detail sufficient to permit explora¬ 
tion of interactive effects between occupation and smoking. 
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A case-control study of bladder cancer patients in the hospitals of 
Leeds, England, failed to show that smoking was a risk factor for 
bladder cancer, but did indicate that the prognosis was worse in 
patients who continued to smoke (Anthony and Thomas 1970a). 
Controls for this study were lung cancer patients and surgical cases 
interviewed 6 years previously at the same hospital. They were not 
matched to case® by age- In an expansion of this study, Anthony and 
Thomas (1970b)' rriatgh^d cases to controls (again using previously 
interviewed pa&$|£w^With respect to age, sex, residence, and 
smoking habit (Sever smoked, greatest amount ever smoked, cessa- 
lgy%hen calculated risk ratios for aggregates of 
"predominant occupations" and "employ- 
nenls." They identified significantly elevat- 
ticer among workers in the chemical dye 
, tailors, engineering workers, and hairdres- 
s controls were matched for smoking habit, 
ilributable ot;y to occupation, 
control study of bladder cancer in the 
chusetts, area in 19fi7-15o8, Cole and col¬ 
ined occupation and smoking information 
<70 incident cases and 500 age- and sex- 
^16 were selected at random from published 
"resident lists.”; Smokjnjg was taken into account with respect to 
intensity day) and also estimated total dose (pack- 

years). Thirteen occupational exposure categories were used in 
classifying patieU^^fcontrols: dyestuffs, rubber, leather, printing, 
paint, petroleun^crtfrerWganic chemicals, other chemicals, fumes 
and dust, manufactur'd*^ (not elsewhere classified), farming, service, 
and office. From this stu^y the authors calculated mean relative risk 
ratios of I.S9 s|jl|g858f' for bladder cancer in male and female 
smokers, respecUjvelv^apd demonstrated gradients of risk in both 
sexes, based on of cigarettes smoked per day. The maxi¬ 

mum mean relate kgjyatio (3.8) was for women who smoxed more 
than one and on^mTT^Sfcks per day. Standardization by occupation¬ 
al categories did not alter the relative risk estimates for smoking. 

When risks were analyzed by occupational categories (ever em¬ 
ployed), significantly elevated ratios were found in only two catego¬ 
ries: those working with rubber and rubber products (1.57) and those 
working with leather and leather products (2.00). People exposed to 
dyestuffs, paint, and other organic chemicals exhibited apparent 
s| elevations of risk, but the number of cases available for study was too 
small to yield statistically significant increases. Relative risks were 
very similar whether or not controlled for smoking. Examined m 
terms of "usual occupation" instead of "ever employed," risk 
associations with occupation tended to be weaker, but rubber and 
leather industries were again identified as those most likely to 


379 


http://legacy.library.ucsf.ed iSk^te^l/ftiQffefpl^ww. industrydocuments.ucsf.edu/docs/zxgl0001 


52614 4095 





■V 

\ 


$ ■ 



involve an occupational hazard of bladder cancer, even when 
controlled Cor smoking. Risk attributable to hazardous occupation 
(work in industries involving exposure to chemicals) was estimated 
to be 7 to 18 percent of the total bladder cancer risk, depending on 
the basis used for specifying occupation. Relative risk ratios ranged 
from 1.21 to 1.76. 

The epidemiology of bladder cancer with respect to beverage 
habits as well as si&g&ijhg and occupation was addressed in three 
Canadian atudie^pSf1f!eril977) conducted a case-control study of 349 
bladder cancer e^scs (jon British Columbia, Nova Scotia, and 
Newfoundland, ^urt^hin| each case to controls by age. sex, and 
residence (but net by Msoking). Control subjects were recruited from 
the residential neighborhoods of the subjects. Questionnaires admin- 
uired into the occupations of the respon- 
smoking and coffee-consuming habits. 
Ratios (2.0 to 10.6) were found for cigarette 
Ibstantiil dependence on estimated lifetime 
i. Occupational risks were evaluated only 
tegories: chemical, rubber, photography, 
ing, pet&flleum, medicine, and ‘‘other.’' Risk ratios were 
in allpaleigories, and were statistically significant in two: 


istered in the h 
dents, as well 
Significant relatfve'rS 
smoking, and sh< 
consumption of 6iga|et1 
with$$ij)£ct to'' 

Spt’fc 

i.Ooi 




( 12.1 

chemical exposui 
within occupatio 
control pairs within, 
and no occupati 


ther” (2.1). No details of the nature of 
offered, and no analysis of smoking habit 
ories was presented. The number of ease- 
ix specific categories was small (total 78), 
risk ratios for nonsinokers weie stated 
explicitly. Population-attributable risk percentages calculated by the 
authors for men (wereoccupation (known and suspect), 35 percent; 
cigarette smoking^S&.^B^ent; coffee drinking. 27 percent; and total. 
118 percent. the percentages were 1, 29, and 13 percent, 

respectively; the 43 percent 

An extension Sf tr|is study on bladder cancer published in 1980 
(Howe et al. 19S |3^&tea$d ed 6-32 case-control pairs from the same 
Canadian provinces. String relative risks for smoking were con¬ 
firmed in men and women, the magnitudes depending on daily 
usage, duration, and estimated lifetime consumption. Associated 
with significantly elevated bladder cancer risk in men were workers 
in the chemical, rubber, petroleum, welding, and railroad industries, 
guards and watchmen, nurserymen, metal machinists, material 
recorders, and military personnel. Risk ratios for military personnel 
and clerical workers declined when smoking was controlled for; 
other risk ratios reportedly did not This analysis was based on 
responses to a query as to whether subjects had ever worked in the 
specified jobs, not on usual occupation. Despite the si 2 e of the study, 
the number of discordant matched pairs was relatively small: fewer 
than 50 in all occupational Categories except agriculture, military. 
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and mechanics. No excess risk was indicated for people engaged in 
the dyeing of cloth or tanning, but the number of pairs available for 
analysis was not sufficient to provide reliable estimates. Discordant 
pair ratios of A! 3 and 6/1 were recorded for past contacts with 
benzidine and bis-chloromethyl ether, respectively, on the part of 
male respondents. The numbers were too smalt to permit an 
examination for the confounding effects of smoking. Very few 
women were emp%>esj injthe suspect industries, and no significant 


risk elevations 


j with occupation were identified among 


Miller and collefjlgties;.fH978) matched each of 265 incident bladder 
tumor patients djg,§MiseiJ at the Ottawa Civic Hospital Urology 
Clinic to two MntriSf pltfehts treated at the clinic who did not have 
bladder tumors. Ad|^ji^red questionnaires inquired into previous 
disease in self anS family, occupational exposures, use of coffee, 
tobacco, and sweel)#wi)i^5hkpc>sure to radiation, and prior treatment 
with antituberculi^iSjdcygB. Relative risk calculations and discrimi¬ 
nant analysis idenWHpTOte following significant risks, in apparent 
order o£,^portaij^^^^nen. a family history of allergy (1.8), 
occupations) expo^u.fe''toYadiation 0.6). occupational exposure to 
chemiJafrfi.5), smoking (1.6'. and a history of gout (1.7'. In 

worthsipSSS&e dri &te&ftfefey S) arul a history of tuberculosis (2.0) were 
identified as risks; a histoijy of allergy in the patient appeared to be 
protective (0.3). C§pi5iii|exposures were identified tentatively as 
paints, varnishes, lacqhgp, gum and wood chemicals, and Industrial 
chemicals. Risk ra^^rcriyed from this study are uniformly low, and 
those for (actors itfS3Iti<5^ally regarded as important for bladder 
cancer (smoking akd eceo^ation) are lower than a risk ratio having 
no previously recognized association with the disease (family history 
of allergy, in men pfipPrhis aspect of the findings casts a degree of 
doubt on the soundi^g^^the study design, particularly the use of 
patients with urolcpcPisSkse other than bladder cancer as controls. 
Discriminant funcfeog&^ajlysis presumably identified both smoking 
and occupational fexposurb to chemicals and radiation as indepen¬ 
dent risk factors for bladder cancer. No data were offered from which 
to determine whether these risks are additive or synergistic. 

Calculating proportionate incidence ratios for bladder cancer 
within broad occupational categories used by the Los Angeles 
County /University of Southern California Cancer Surveillance Pro¬ 
gram, Weinberg and colleagues (1983) examined incidence data for 
Xos Angeles County over the period 1972-1976 They found higher 
relalive risks of bladder cancer among managers and salesmen (high 
on the socioeconomic scale) than among service workers, laborers, 
and transportation workers (low on the socioeconomic scale). The 
latter group have been reported to be the heavier smokers (CDC 
1976; Bonham and Leaverton 1976), The authors argued that, at 
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least in the Los Angeles area, the occurrence of bladder cancer in 
relation to social class corresponds more closely with coffee-drinking 
habits (greater in the upper classes) than with smoking or occupa¬ 
tion. The social class distribution of bladder cancer incidence in Los 
Angelas contrasts sharply with the report of Adelstein (1980) in 
England, who found from analysis of death certificate and census 
data for 1970-1?J2 that cancer in general and bladder cancer in 
particular were.a^^^ns primarily of the lower socioeconomic 
classes. The discrepant relationships to social class categories may be 
attributable to t)ie different parameters used in the two studies 
(incidence versus miSYalny), to the disparate cultural and economic 
circumstances ojPHf«^|»pulation3 examined, or specifically, to 
different spectra p£.eim|onmenLal carcinogens in the two regions. 
Interestingly, studies are in essential agreement with 

respect to lung caijpSK^i^ not bladder cancer. 

Glashan and Cartwright (1981) and colleagues (Cartwright et aj. 
1981), in a case-c^^fe^^^udy, matched 991 incident cases of bfodder 
? cancer treated attljigeWest Yorkshire clinics over 3 years to oge- 
and d^^tchedpi^^l "without malignant disease.” The source 
of the^SifSrols w§jj|j|st mentioned, but presumably they were clinic 
risk ratios for smoking (.not quantitatively 
defined) were fofna inrnen (18) and women (1.6). Significantly 
elevated relative ||gggj£gjg|e found for chemical industry workers and 
printers, but not rbrcJlgather workers, hairdressers, or dye users. 
Nonsmoking dye.j.fa^Stifacture process workers experienced an 


r apparent increas^e-Twfc^of bladder cancer (RR 1.9, not statistically 
\ significant), but dye-"pc<»cess workers who smoked were at highly 
I 1 significant risk (RR 4.6).JA similar relationship was found among 


printers. The nsl^l^gi^^or nonsmokers were admittedly based on 
few subjects. Riskiietios t {^r dye process workers increased strikingly 
with duration of sHt^jjtS^fhertt (>29 years, RR 10.5). The chemical 
nature of the workers were actually exposed was not 

discussed. ^ t 

A case-control study of 212 cases of bladder cancer in rural 
Denmark drew upon general population controls matched to cases by 
sex, age, and region of residence (Mommsen et a!. 1982, 1983). 
Multivariate logistic regression was used to identify factors (evalu¬ 
ated by questionnaire) associated statistically with the malignancy. 
Significant relative risk ratios were found for tobacco use (1.6-2.1), 
'*work with petroleum, asphalt, oil, or gasoline (29-3.8), industrial 
work (2.2), work with chemical materials (2 0). alcohol use (2.3), and 
previous venereal disease (2.9). Farmers, who were presumably 
exposed to pesticides, were at less than average risk of developing 
bladder cancer. The report did not explore the interactive effects of 
occupation and tobacco use. 
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A case-control study in the greater New Orleans area, wherein 82 
patients with bladder cancer and 169 matched general population 
controls were interviewed by telephone, was used to identify 
smoking of filter cigarettes (but not of unfiltered cigarettes or other 
tobacco products) as a risk factor for bladder cancer (Sullivan 1982). 
Matching criteria were not specified. A large number of employment 
categories and chemical exposures appeared to involve risks, most 
prominently rrieljanical engineers and people exposed to paint 
thinners, coal, petufifSiiSh. metals, welding materials, office supplies, 
and industrial epfipment. 

In a study in^sorthew New Jersey (Najera et al. 1982), 75 cases 
were compared iwiftTlS^ patient controls, matched by age, sex, race. 


place of birth (ij 
the clinic provid, 
tenure was mor£ 
never smoked, 
were used to tegt 
risks were ana! 
Significant risk 
warkWnfmye (3. 
not g$S&«ip1oyn 

occupational ns. 
smoking status, 
as those calcula 
occupational risk 
petroleum irxdi 
smokers, but the UfAt 




ersey or elsewhere), current residence, and 
Occupations were recorded only when job 
year. Smoking habits were characterized as 
oker, or current smoker. Several criteria 
gnificance of associations, and significant 
>t for the confounding effects of smoking, 
re identified for cigarette smoking 12.0) and 
am (2.5), and plastics (3.4) industries, but 
jn rubber, textile, printing, rodent icide, or cable 
ratios did exceed 1. When tha significant 
Iwere analyzed within the three strata of 
current smokers were essentially the same 
thout controlling for smoking Curiously, the 
for nonsmokers in the dye, plastics, and 
-eodnistently exceeded the ratios for current 
r ex-smokers were consistently lower (1.3 to 
on only a single case in a smoking- 



1.5). Some ratios were 
occupation cell. 

In a recently reported <;ase-control study at Turin, Italy, 512 male 
bladder cancer p^^^^^lagnosed from 1978 to 1983 were compared 
with 596 patientl.cornrolf (225 urologK, 371 surgical) (Vineis et al. 
1984). Smoking jSsIMflii&pationat information was assembled by 
interview. Highly significant relative risk ratios were found for 
cigarette smoking, the magnitude depending on smoking intensity, 
on age when smoking started, and possibly on brand of cigarettes 
Bmoked. Occupational risk analysis was based on 64 patients 
classified as "exposed": 14 cases and 2 controls employed more than 
6 months in dye production (said to include exposure to benzidine 
and betanaphthylamine), plus 28 cases and 20 controls employed in 
'the rubber industry From this, the authors calculated risk ratios 
strongly suggesting interactive effects of occupational exposure and 
smoking, most striking in workers less than 50 years of age, and 
dependent on smoking intensity (relative risk was 144.0 for hazar¬ 
dously employed workers who smoked) The relative risk for 
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hazardous occupation among nonsmokers of al! ages (there were only 
five chemically exposed: two cases, three controls) was 3.7. The 
relative risk for smoking among the nonexposed of all ages was 5.2. 
Tfr» risk for the occupationally exposed who .smoked was 11.6 
relative to nonexpcoed nonsmokers. The risk ratio relationships 
based on all age groups are more suggestive of an additive overall 
effect than of synergy. The small number of occupationally exposed 
nonsmokers in tKb^yidy limits the confidence that can be placed in 
the analysis. < 

Smith and cHHeag 14 .es (1985) recently examined relationships of 
occupational s^tve^t.. exposure and smoking to incident cases of 
bladder cancer of the United States served by the National 

Cancer Instituted Surveillance, Epidemiology, and End Results 
(SEER) progran^^^^luded in the National Bladder Cancer Study 
(NBCS) of 197^ ifliiljols selected from the NBCS study were 
frequency-matcRw^tHwe cases by age and sex. Among nonsmokers 
reporting at th's exposure to chlorinated and simple 

hydrocarbon soNllriisuled in dry cleaning and in other industries, 
the rislfe^|sk*sider cancer was significantly elevated only in 

won^n^^R l.Sol^and this was not significantly related to duration, 
of eifpwwe. In jW. men and women chemically exposed, however, 
tkj& PB^Sf blad feesfesttife r increased progressively and significantly 
from nonsmokers to forimer smokers to current smokers. There was 
no evidence of between the effects of occupation and 

smoking. The evicthn£g of a smoking effect was consistent and 
substantial in tl^iltudy (highest RR 4.68). but indications of a 
solvent exposu^^fftStfC were weak and of borderline statistical 
significance. 

Inhalation of. combustion effluents is thought to pose a risk of 
cancer at vario§§g^&)if including the bladder. For a case-control 
study of 81 mates bla^dRI^cancer patients in Quebec (1970-1975), age- 
and sex-matches^rSpvliluals living in the patients' neighborhoods 
were recruited controls (Theriault et al. 1981). Detailed 

histories were tjSroS^if&Vering lifetime employment and residence, 
medications, personal habits, and water supply. Smoking habit was 
characterized qualitatively and quantitatively. Information on de¬ 
ceased cases was received from next of kin. These authors calculated 
a mean relative risk of bladder cancer of 5.70 among currently 
smoking workers in the electrolysis department of an aluminum 
reduction plant, Relative risk for smoking among other workers was 
1.82, and risk associated with electrolysis department employment 
atone was 1.90. (It was necessary to base the latter estimate on ex¬ 
smokers because there were no nonsmokers so employed.) The 
independent risk ratios ere not statistically significant, but the 
range of values for electrolysis workers who smoked extended from 
2.0 to 12.30. To the extent that the ratio estimates can be relied 
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upon, they suggest a strong interaction between smoking and 
occupational exposure. 

Silverman and colleagues (1983), in a population-based case- 
control study of 303 white male bladder cancer eases in Detroit 
(1977-1978), explored occupational, dietary, and personal habit 
associations. Controls under 65 years of age were chosen from the 
Detroit population by random digit dialing, operating with a pool of 
2,110 households.rCpntrots of retirement age were selected at 
random from inancing Administration lists. A total of 

296 controls weriP'recruited for home interviews. Analysis of 
occupational assoqations^eiied on an "ever employed" query, and 


responses were cla 
oocupation. An app 
an occupation and 
been truck drivers 
increased the risk 


jkixording to the industry identified and by 
Qrong interaction involved truck driving as 
|e smoking. Among people who had never 
tjg one or two packs of cigarettes per day 
ij|r cancer by a factor of 1.6; smoking more 


than two packs increased Jthe risk ratio to 2.1. The ratio for truck 


iw^pre pack per day was 1.3; for smokers of 
y^fche ratio was 6.8. The nsk ratio for heavy 
*“falculated because none of the controls 
than two packs p>er day. A relationship with 
JL*jchaust was suspected, but could net be 


^rivers smoking le 
one or two oacks p 
r moke nc 


* h « of fMs 

confirmed from the'oats. 

Not unexj>ectedlfe^|g^|^se-control studies used to test a relation¬ 
ship of pesticide exposure to urinary tract cancer are inconclusive. 
Pesticides are ciieni^^^bnd tovicologicaliy diverse; worker expo¬ 
sures to them ere ^tiaUy^ried. it is unlikely that in epidemiologic 
studies based on beaa«L„Qccupational categories carcinogenic risk 
would be detected, if indeed it exists. Several case-control studies of 
bladder cancer ha\^^li®Sicd that as an occupational group, people 
"working in agricul ture’’ ace at no more than average risk of urinary 
tract cancer, or ar^8^^|y at less than average risk (Anthony and 
Thomas 1970b; Cole et|d^^972; Howe et al. 1980). In some studies of 
exposures to pesti&wiSiNfecifically, nonsignificantly elevated risk 
ratios have been shown (Najem et al. 1982; McLaughlin et al. 1983) 
In Canada, bladder cancer was found to be significantly associated 
with crop spraying and nursery work as occupations fHowe et al 
1980). These associations were said to be unaffected by controlling 
for smoking. 


lather Specific Cancer Sites 

Cancer of the kidney and upper urinary tract has received less 
attention than bladder cancer. In a nationwide case-control study of 
202 patients with renal adenocarcinoma fWynder et al. 1974), the 
past personal and occupational histories of the patients were 
examined in relation to histories from other hospitalized patients. 
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Relative rifit among heavy smokers (more than one pack per day) 
under 50 years of age was 8.0, but only 2.1 in patients over age 50. 
Moderate smokers (up to one pack per day) were at intermediate 
risk. Except for a tentative identification of employment in textiles 
as a rick factor, no associations with occupational exposures to 
metals, dyes, or other organic chemicals were found. 

In the Boston ares, <3 cases of cancer of the renal pelvis and ureter 
were studied in Nation to bladder cancer cases and randomly 
chosen general popj^piSSt controls (Schmauz and Cole 1974). Only 
among smokers of iSb're than two and one-half packs of cigarettes per 
day did a significant ri3t| appear (RR 10.0). Of the occupational 
categories identif&sdrWnly leather working exhibited a suspect 
relationship to canp^^^mse sites. 

Occurrences of r«j&| carcinoma (495) and cancer of the renal 
pelvis (74) in the hffii^^iolis-St. Paul area from 1974 to 1979 were 
studied for heritab^iiiSiliinvironmental risk factore (McLaughlin et 
a). 1983, 1S84). Controls wire chosen randomly from the metropoli¬ 



tan area populatio 
backgrouruLdata 
With |gi|t to 
incteaJs^ladi'.y 

to occupation ap 
coil, natural gas, 
enough cases to permf 
Renal cell carcin 
smoking, but relatii 



half of the cases were already deceased, 
obtained through next-of-kin interviews, 
the renal pelvis, the risk of disease 
th men and women in relation to smoking 
7 in men, 11 1 in wotr.cn). The or.ly links 
irf- relation to exposures to hydrocarbons: 
eral and cutting oils. There were not 
lyses for smoking risk within occupations. 
rso appeared to be related to cigarette 
lios were much lower (2.3 in male, 2.1 in 


female heavy smol$efs)r*fld the dose-response relationship was not 


as consistent as in 
Analysis for "usu 
significant occupat 
Musicco and col' 
neoplasms in ltal 
(various types an 



c of renal pelvis or bladder cancer, 
y of employment" failed to identify any 
iations, 

1982), in a case-control study of brain 
to associate the occurrence of gliomas 
with occupations of victims prior to 
diagnosis during 1979 and 1980. Forty-two cases were matched with 
nonglioma patients at the Neurological Institute C- Besta of Milan. 
The controls were matched by age, sex, ami area of residence. They 
coffered from a variety of chronic diseases, some probably character¬ 
ized by physical and or mental disability from a relatively early age. 
moking was defined as a minimum 1-year usage, and total lifetime 
sage was estimated. More than 20 pack-years was considered heavy 
smoking. The authors found a significantly elevated risk ratio (5.0) 
Tor "agricultural work after 1960" when the data were analyzed 
without stratification. When stratified by sex, age, and residence, the 
ratio was 1.9 (not significant). The relative risk was 1.3 for smoking 
and 1.5 for heavy smoking, neither statistically significant. No 
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'* occupational risk ratios for nonsmokere were calculated. Particular- 
.■sxf ly with respect to occupational risk calculations, the appropriateness 
■ of neurologically afflicted patients as controb must be questioned, 
j Nonetheless, the authors were inclined to indict modern pesticides 
and fertilizers as causal factors for gliomas. 

Austin and Schnatter (1983), in a followup case-control study or 21 
patients dying fromy^.brain tumor in a Texas petrochemical worker 
: cohort, indicated that mors were of several different types. 

^1 Effort* to identify past chemical exposures of brain tumor 

victims were not successfully 

Using case-control methodology in reviewing 142 cases of pancre¬ 
atic adenocorcinotn^l^g^ral large U-S. clinical centers, Wynder 
and colleagues (1973) demonstrated that cigarette smokers were at 
increased risk of d#W*;.;>J}tng this disease. Risk ratios increased 
progressively with of cigarettes smoked per day. 

Controls for this study were’patients in the same hospitals who had 
been interviewed fctefgtagj^pidemiologic studies. Controls did not 
ugjfcludc patients stiffening !from tobacco-related cancers (mouth, 
larynx. ^^esopMM^8|dder, kidney) or other tobacco-related 
iseasss ifer*J.ftchi tis ,..asj physema, coronary heart disease), r'ifteen 
male C3:fc£r i&tients>reported having been occupationally exposed to 

saw dust, grease, oil, or gns fumes," but 
een cases and controls with respect to 
exposure was reported. 

:w Jersey (Stemhagen et al. 19S3) of 265 
cpicer occurring from 1975 to 1980 was 
conducted by interview of family members. Controb were selected 

ath certificates, and were matched by 
tesidence. No evidence was adduced to 
causing this disease. Significantly 


‘dyWtHBBlSIls. mi 

there was no differ 
the frequency with 
A case-control study 
victims of primary 



from hospital recor 
^.age, sex. race, and 
^indict smoking as ^ 
elevated risk ratios 
owners or farm managers 
esticides. Other 



ved for farm laborers but not for farm 
oh for people engaged in manufacturing 
rently at risk were gasoline service 
station employees, those employed at eating and drinking establish¬ 
ments, and those providing laundry and dry cleaning services It was 
not possible to identify specific past chemical exposures that might 
ave contributed to the risk. 

A recent study of 102 cases of primary liver cancer in Sweden 
|itilized controls matched by age, sex, race, year of death, and 
gH|nicipality where the decedent had lived (Hardell et al. 1984). No 
association with smoking history was found. Occupational exposure 
to solvents appeared to doutale the risk of liver cancer. No other 
occupations or chemical exposures were identified as risk factors, 
although a strong association with alcoholism was indicated. 

Investigation of 207 cases of large bowel cancer in a Quebec 
community explored several risk factors in cases and controls, the 
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latter selected from the communities where the cases resided, and 
matched by age and sex (Vobecky et al. 1983). Smoking was not 
identified as a significant risk factor, although a slightly elevated 
risk ratio (1.2) for smoking (alone) was calculated. Industrial 
exposure at a local synthetic fiber factory did appear to be a 
significant association (HR 22). When the risk of industrial exposure 
and smoking were considered in combination, a higher risk was 
evident (2.8), at ^'stgrpnger level of significance. A moderate degree of 
smoking-occupatipgisiSdraction is suggested. 

Chronic Lung ;JEfisea88 

The Ukelihoody&g|^$osure to dusts and fumes In rubber product 
manufacture pliys'a causative role in the chronic obstructive lung 



disease encount^jU^fjlhis industry' was examined in two studies. 
Fine and Peter* assessed symptomatology and pulmonary 

function in 65 wpfwNraBe workers engaged an average of 7 years in 
rubber process!r&tty^y«*e Akron tire plants. Air sampling showed 1 
to 3 irig/m 1 of refp^afsfe dust in the work environments. Smoking 
habibRj^ssre cla|«dlsgy4s never smoker, former smoker, current 
cigarette amokery'anaciirrent and former pipe and cigar smoker. 
ConW^(189) chosen from plant workers not exposed to 

w©tf68®iiiir. Pr<%^!^j^workera reported a much higher prevalence 
of cough and phlegm thah controls; this was true among nonsmokers 
as well as 6mok4p6illS| various categories. Smoking nearly doubled 
the frequency of tfifS^jTnptom complex in the processing workers. 
However, dyspne^piw wheeze, generally considered indicative of 
chronic obstrucliW'1'tflft^ disease, yvere no more prevalent among 
processing wor&trs" , 'tha(i among controls Reported frequencies of 
bronchitis, pneumonia, hsthma, and winter colds were not signifi¬ 
cantly greater ^^Si^hese workers than among controls. Pulmo¬ 
nary function tas ting yie lded important findings. In comparing all 
workers with only the ratio of forced expiratory volume 

in 1 second to foj xftdy^ tal capacity (FEV,/FVC) was significantly 
lower in the pSwcunile-exposed workers. However, the exposed 
group and the control group were subdivided according to whether 
they had been employed in their respective jobs for more or less than 
10 years. Although the long-term processing workers were older and 
had smoked longer than the controls, decrements in flow rates and 
FEV,/FVC were not significantly correlated with years of cigarette 
smoking Using appropriate adjustments for age, Lhe long-term- 
exposed employees exhibited significant deficits in FEV,, 
FEV./FVC. and flow rates at 50 and 25 percent of FVC. Multiple 
regression analysis confirmed that duration of employment in 
rubber processing was a significant predictor of reduced FEV, and 
FVC. Employment (or more than 10 years appeared to cause a 
significant decline in FEV,/FVC and Lhe FVC-standardized fiow rate 
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at BO percent FVC- These results were independent of smoking 
variables, ethnicity, socioeconomic status, and age. The absence of a 
correlation between decrement in lung function and cigarette 
smoking and the small number of workers in this study raise 
questions about the generalizability of the data in this study. 

Lednar and colleagues (1977) examined the work history and 
smoking habit backgrounds of 73 former rubber workers who were 
retired prematut%tys s behyeen 1964 and 1973 with medically docu¬ 
mented, disahlui&KfiSiitebnary disease. They were members of a 
cohort of 4,302 wSrxers employed in 1964 at an Akron plant. Thirty- 
nine were reti rejj'wi t hrbmphysema, 10 with lung cancer, 8 with 
asthma, and 16 wit hipth er pulmonary conditions. Work background 
and likely expositirePto^dusts and fumes were determined from 
company records'^^qMlg histories were obtained from question¬ 
naires mailed to |etlP|flor relatives. The investigators utilized two 
control groups, consisting of disabled employees retired 

because of diseas^Wh^ythan pulmonary (disabled control*: and the 
second of cuirerTO^^mployed workers and early retirees free of 
ackn O M ^afe ed e altBAftaty disease (nondisabled controls). Relative 
•risk \ati ca were“||ucuraCed for smoking and for occupational 
expoftrniS'to dustpSfld fumes. Relative risks for pulmonary disability 
rdfopBiiS! in rejjjpljjgy^ smoking and various occupational titles 
were also calculated. Risk ratios for smoking alone (based on 
smokers and nor^f8ii&lfi$ at worksites not otherwise contaminated) 
were consistently greater than 1.0, but they were significant only in 
the case of maifs^^mce workers. For ail workers combined, the 
smoking risk 2.95 (p<0.05). Ratios for occupational 

exposure alone Wferwremarkably elevated in some job classifications, 
but none were significant. When the combination of smoking and 
occupational exj^^^S^as considered, however, substantially and 
significantly ratios were found for workers engaged in 

extrusion (15.8), nm|firni and inspection (7.8), curing (6.7), and other 
tasks. Furthermfe^pftgjhmed exposure to dust and cigarette smoke 
appeared to inct4ase by tenfold to twelvefold the risk of pulmonary 
disability. The data suggested interactive effects between smoking 
end occupational pollutants, more in the range of potentiation than 
simple addition. 

Another suggestion of enhanced adverse effects from cigarette 
smoke and irritating air pollutants has come from examination of 
workers exposed to airborne contaminants from the milling of 
rubber (Sparks et a). 1982). For the factory worker population as a 

whole, productive cough was definitely more common among current 
smokers than among nonsmokers: 35.5 percent of the smokers versus 
6-5 percent of the nonsmokers in parts of the plant where dust 
concentrations were minimal Among workers exposed to irritating 
dust. 8 percent of the nonsmokers experienced a productive cough 


http://legacy.library.ucsf.e^ticbi^q®iTI?M4acWfw.industrydocuments. ucsf.edu/docs/zxgl0001 


52614 4105 







and 42.5 percent of the smokers were so affected. In a work area 
where dust concentrations were highest, but did not generate 
complaints of upper respiratory tract irritation, 3.3 of the nonsmok- 
ers and 29.3 of the smokers reported productive cough. The 
combination of irritating fumes or particles with cigarette smoke 
may stimulate bronchial mucua Becretion more than either factor 
acting alone. 

In a recent longitudinal study of 3,799 male coke oven workers, 
Madison and coUeagr|gfe|i.984) examined relationships between a 
series of risk. varUlp&fagei current smoking status, job location) and 
indices of pulmonajry function (FEV,, FVC, and detailed exfoliative 
| cytology of sputujnj.^o 
analyses were dow fea^fete 
and FEV^FVC. Measure 
Appropriate adjust; 
the coke oven. Da 
separately Both 
significant detrime 
g^orkirs. In blacks,; tm| 

Sput^Biicytology^i:iu<ild examination for various cells (reactive 
bfonchiaTepitheli$iclSls, rnetaplastic epithelium, histiocytes, poly- 


iriance and multiple logistic regression 
tify the principal factors predicting FEV, 
nents were done in 1978 and in 1982. 
vere made for height, weight, and years at 
Caucasians and blacks were analyzed 
and job location (six categories) had 
cts on FEV, and FEV,/FVC in Caucasian 
trig adversely affected FEV, and FEV,/FVC 


prominence in each specimen was 
4, and atypical metaplasia was rated as 
^The investigators found excessive pronui- 
cells well correlated with reduced FEV, 
apparently not caused by smoking, because 
the percentage offworlcers showing cells was equivalent in both 
smoking categorie^TWHtlpla logistic regression was done to identify 
ble for metaplasia in Caucasians: age and 
t predictors, but job location was also a 
blacks, only smoking and age were 


morpnontrcrear 
graded on a scale 
mild, moderate, oi 
nente of certain exfol 
and FEV,/FVC, a 



factors principallypres 
smoking were thef 
significant factor 
significantly predi 
Madison and co 
two examination: 


|(1984) believe that their use of data from 
plus sputum cytology, identified work-related 
pulmonary injury not demonstrated m earlier cross-sectional studies 
and that the findings may portend pulmonary disability in some 
workers. The interval between examinations was not considered long 
enough to permit time trend analysis. These authors reported no 
measurement of airborne particulate or fumes at the six job 
locations. 


Research Recommendations 

1 . Efforts to minimize workplace exposure to known and suspect¬ 
ed carcinogens should continue and not be delayed in anticipa- 
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tion of definitive evidence of hazard from occupational or 
environmental studies in humans. 

2. Efforts to assist 6mokere in their efforts to quit smoking must 
continue in all sectors of the population. Blue-collar workers 
have a higher prevalence of smoking and a higher exposure to 
materials that might interact with cigarette smoke to increase 
disease risk. Because of these dual exposures, an intensive 
effort «hou$4. be made to reduce the smoking rates of these 
workers. 

3. Epidemiolo^l^’tuates to assess the health impacts of smoking 
or work ejfpoauj*^ to noxious substances should take both 
factors into! account as potentially causative. Additionally, the 
possibility dpS&Kliition should be kept in mind, and whenever 
possible. testesJfoCrfg 

4. Laboratory^lw^af studies designed to explore the health- 
damaging e feBBHBM& tobacco amoke should include experiments 
capable of ijdentifyipg interactions with major industrial pollu¬ 
tants. 

tinuing research aimed at identifying the 
Xs of common industrial pollutants that act 
ors and promoters. There should also be 
demonstrate the mechanism of tissue 
damage ca(ise3"Tjy' cigarette 6tnoke and various industrial 
pollutants, in combination. 

6 . Modern tissue v fc«toire techniques employed to identify carcino¬ 
gens shoulryjp^kploited as test systems for interactive effects 


between to$S?S8''Sf^oke constituents and industrial pollutants. 


Summary and 

1. The biotramjfo^gj^ion of industrial toxicants can be modified 

at least to by the constituents of tobacco smoke 

through enis^^g^piSuction or possibly inhibition. Both tobacco 
smoke and some ^industrial pollutants contain substances 
capable of initiating and promoting cancer and damaging the 
airways and lung parenchyma. There is, therefore, an ample 
biologic basis for suspecting that important interactive effects 
between some workplace pollutants and tobacco smoke exist. 

2 . [n mortality studies of Coke oven workers and gas workers, 
convincing evidence has indicated that work exposures to oven 
effluents are causing an excess risk of lung cancer in spite of 
the lack of adequate information on smoking. Other mortality 
studies that suggest small increases in smoking-related dis¬ 
eases, such as pancreatic cancer in refinery workers, cannot be 
Interpreted without more information on smoking. 
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3. For bladder cancer, the interactions between smoking and 
occupational exposure are unclear, with both additive and 
antagonistic interactions having been demonstrated. 

4. The risk of pulmonary disability in rubber workers was 
increased when smoking and occupational exposure to particu¬ 
lates were combined. There are few empirical animal experi¬ 
ments t ha ^demonstrate interactive effects between cigarette 
smoking and yj!8Sg|s industrial chemicals for lung disease. 

■ 
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introduction 

Exposures to cotton, hemp, and flax dust have been associated 
with two acute pulmonary responses: irritant (industrial) bronchitis 
and chest tightness (byssinosis). These symptoms, often accompanied 
by reduction in lung function, have occurred in 2 to 30 percent of 
cotton textile workers within hours of resuming exposure following a 
weekend or holklay (Schilling 1956; Morgan et al. 1982). Those 
elements of the aiutesotton dust pulmonary response may not occur 
together, and majgli^resint responses of distinct pulmonary mecha¬ 
nisms. The exposure variables or host characteristics that lead to 
cough rather tlJan-Nsto^ronchoconstriction are currently under 
careful study Eggleston 1984). The effects of cigarette 

smoking upon these diiTe|ent responses is also incompletely under¬ 
stood. 

In the manufac|$t|§|g|dotton textiles, cotton dust exposure occurs 
most intensely umeri tneHightly packed bale is opened and when 
abrasive crushin^p^^ling remove the "trash" (plant bracts and 
her parts, dirtf bacteria, and fungi) and align the fibers for 
spinn^g^ideon 

are sp^^|wisted^ 
generate-c/jjy the 
praSirari^Hrec of IS 

Cross-sectional 
greatest among > 

(e g., carder, stripped 
has been related j 


son 1978). Normally, as the cotton fibers 
woven into cloth, progressively less dust is 
e cotton cloth is processed, the procedure is 
t (Kilburn 1983). 

ave shown that byssinosis prevalence is 
oSile workers in the dusty preparation jobs 
inder) (Figuce 1). Byssinosis prevalence 
£L&,.(|uration of cotton dust exposure, to the 
. quality of the raw£ cotton, and to the levels of lint-free cotton dust 
, (MolyneuX and Tombles^i L970; Merchant, Lumsden. Kilbum, 
O’Falton et al. 197|bJ&||j^t et al. 1981). At a cotton dust level of 0,2 
I mg/m J (lint-free direfcrtapproximately 15 pm or less), approximately 
^ 15 percent of tb^g|gpj!$S| textile workers have some grade of 
byssinosis (Mereh^nt,^Lumsden, Kilburn, O'Fallon el al. 1973b). 
<|> While a small sex-^^'^^ffect (male disadvantage) has been noted 
' (Berry et al. 1974), no age effect has been shown after adjustment for 
exposure (Merchant, Lumsden. Kilburn, O’Fallon et al. 1973b; Berry 
et al, 1974). Cigarette smoke interacts with cotton dust exposure in 
cotton textile workers and has been associated with increased 
byssinosis prevalence and severity (Berry et al. 1974). The frequency 
of byssinosis has been closely correlated with the presence of chronic 
and both symptoms have been associated with ventilatory 
impairment (Imbus and Suh 1973). Cross-sectional studies have 
correlated cotton dust exposure with two components of ventilatory 
impairment; reduction in the baseline level of forced expiration and 
reversible lass of function across a work shift. The relationship of 
byssinosis and bronchitis with ventilatory impairment and its 
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Influence of Cigarette Smoking an the Natural History of 
Byssinosis 

Cigarette Smoking Patterns Among Workers Exposed to 
Cotton Dust 

The smoking patterns of cotton dust exposed workers have been 
reported by o number of authors and are presented in Table 1. 

In summary, current studies show that male cotton workers tend 
to smoke to a greater degree than do female cotton workers. Mole 
textile workers in Western Europe and in Canada smoke with 
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5 greater frequency than do American workers, with many otudies 
showing the proportion of smokers to be well over 7Q percent. 

Acute Effects of Smoking and Cotton Dust Exposure on 
Respiratory Symptoms 

s . : :: The symptoms of Monday chest tightness begin gradually, 3 or 4 

hours after the co£t(>Fi textile worker returns to work. A dry cough 
ltS ' and shortness of exertion frequently accompany the 

! sensation of chestf'tightness. However, the physiologic reaction 
F* t associated with Midday .ch^st tightness is not confined to the chest. 

A low grade tem^c^lyjrai. a 20 to 30 percent increase in the 
git peripheral white InKFmt (polymorphonuclear leukocyte) count, 
v j and a general malaiegsh^^been frequently reported. These systemic 
symptoms suggestthe'jpr**enee of a host inflammatory response; 


however, the rclatii 
symptom of chest tij 
By 1936, an 
%eal tigress a; 
increas»Jjbr£alhle 
ceptiblr^Hfcon m; 
follc#e0^erma 
standard byssinosi: 
developed specific 
the British Medical Rr 
questionnaire (Briti 


tween these systemic symptoms and the 
not well defined. 

had been recognized between Monday 
ble loss of ventilatory capacity and 
^rausnitz 1936). Recognition that in bus- 
Monday chest tightness may be 
ratory disability led to the evolution of a 
finition. Schilling and colleagues (1955) 
concerning Monday chest tightness for 
eh Council’s respiratory symptom survey 
ifCal Journal 1960). A positive response to 
the standardized regarding Monday chest tightness de- 

fined the presence df byssmpsls. 

Molyncux and Tomble^pn (1970) conducted one of the first 
prospective studiesp^S^IS'inosis. At the initial examination, these 
investigators interviewed™) ,359 workers from 14 cotton spinning 
mills Bnd 227 wotSer^TXam 2 manmade fiber spinning mills in 
Lancashire, United|siQ«®i®in, Followup examinations were conduct¬ 
ed at 6-month intervals over 3 years, from 1963 to 1966 Byssinosis 
and bronchitis prevalence were determined by the use of the Medical 
Research Council’s questionnaire on respiratory symptoms (British 
Medical Journal 1960). to which the Roach and Schilling (1960) 
questions on chest tightness were added. Byssinosis was graded as 
follows (Molyncux and Tombleson 1970):' 

i§| Grade 0. No evidence of chest tightness or breathing diffi¬ 

culty on the first day of the workweek 
Grade t/2: Occasional chest tightness on Mondays 

‘ Nat* Omw«(iO'>on imt4 4 r*iK 0 »• widtcau 1 ih* ab^-ir* of »*mptxirn* and grade 3 b<U<notJ to 

kndrtatr ih* of eh«mif <**m*ru«r puirw.-wi * r y diwur lCOPf>» iPouKuyi IS®51 Ha»•*•»». thu 

r>!rt«r> •ow.d *l<o i r>»l\»d r llv <krtMuc p*ilmo«t*rT iA«t «o*n M^«<tary u> cifiTtk wmL»n( 

among cot to "I -wifA. urur CX)PPor**r> Ift-quently wi ci««mlc not eapmsrvi t* fouo* d<jn«. (»M*<alr*©r> 

U *04 4t*-o fir for d ’glatcvl to ml ton dust r»pr^urr 
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Grade 1: Chest tightness or difficulty in breathing on 
Mondays only 

Grade 2: Chest tightness or difficulty in breathing on 
Monday and other days 

Age, length of exposure to cotton dust, and smoking habit were 
determined by questionnaire. Individuals were considered smokers if 
they regularly sfft«4ed one or more cigarettes per day. Kexlet and 
total dust air eatry^^^re used to measure the mass concentration, 
of the respirable|%iedium, and fly components of the total airborne 
dust. jf~ 

Byssinosis prevalence {adjusted for age, sex, and mill type) showed 
a progressive iiram§M w ith increasing duration of cotton dust 
exposure (Table an d Tombleson 1970). A rearrange¬ 
ment of the dafa this Lancashire mill workers study and 

calculation of tl$£:|$S&fcel-Hacns?.e! (weighted) odds ratios (Mantel 
1963) shows an interesting relationship between smoking, byssinosis, 
bronchitis, and aM%|lssi{nilar relationship is demonstrated by data 
from studies of Arne^iqan cotton mill workers (Merchant et al. 1972; 
lmbii|®§n3 Suh PllTO^^igarette smoking was associated with an 
over4®fi5£35l-fold ^^ess risk of bronchitis in the Lancashire cotton 
)^^grs (Tariff Jif.Q frtton mill workers of both sexes who smoked 
had a coakistenffy'^reSler prevalence of bronchitis than did non- 
smokers. The of the smoking effect was similar for men 

(2.2&-foId) and w^ment2.1S-fold). The presence of bronchitis con¬ 
ferred an approximj^^'twofold excess risk of developing byssinosis 
(.Table 4). This significant for men and for women, for 

smokers as well *sjor nonsmokere. Once the presence of bronchitis 
had been controlled forC\owever (Table 5), cigarette smoking did not 
add significant risk for developing byssinosis. 

One may interpret these observations to show that among cotton 
mill workers b^ji&gg|sa8lbri dust exposure and cigarette smoking 
produced the symptoms \>{ bronchitis. Bronchitis, in turn, seemed to 
confer additiona|^g3^§|- the development of acute chest tightness 
(byssinosis). Cigarette smoking, therefore, seems to facilitate the 
development of byssinosis in smokers exposed to cotton dust, perhaps 
by the prior induction of bronchitis. Applying an additive logit model 
(6 dusL levels x 3 lengths of exposure x 4 combinations of sex and 
Smoking habit) to these data. Berry and colleagues (1974) found that 
cigarette smokers had a modest (1.4-fold) increase in the adjusted 
prevalence, of byssinosis when compared with nonsmokers and ex 
smokers. Two years after the initial questionnaire survey, these 
investigators were able to reinterview about half of the original 
population (663 cotton workers and 127 manmade fiber workers). 
Incidence and remission rates were tabulated for byssinosis and 
bronchitis by length of exposure, sex, and smoking status. The 
incidence of both bronchitis and byssinosis was greater among 
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TABLE 2.—Prevalence (percent) of bysainosU in nine 
exposure groups 



Ch«$nu*rc\ X * *36.3 

0*f« OR «121 

ip < oooo n 


1 M«Mf4-H«rnu*i ikKp*<j* f«/ byiaiMtu lr*s»»««rr 

1 Wfi^Kud by ut f o# vi 

*W« v Sm< by H*jSkolHLov~*c*l uvhmqur for freq^fxr of bo<J» bjnaiftm.i on4 «rn 
A SOURCE #f><Torr>We^>*Uil70*- 


smokers than among nonsmokers or ex-smokers of both sexes; 
however, these differences were not statistically significant (Berry et 
al. 1974). 
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sou tire w« 


TABLE 5.—. 


association of byssinosis and 
smoking by bronchitis status and set 

-—- 

m of b'WfflW'* w^kib( Oddi ratio (eVjlu* 


Brartchrttf pr«KAt 
{tancHiiui 

Comkinrf bfoMKi^Ki^^ 

Wen ^ww».ww^ 

Women '^vav.^ 


S SOURCE D©i-* (i9tr> Molyfy-u* iml Tootle*®* Il>70J 

| More than lO.QOQMi^iington Industries textile employees (95 
I percent of the wPfrcfi^ from 19 plants participated in a 1970 
survey conducted by Duke University with the cooperation of 
) Burlington Industries and the North Carolina State Board of Health 
(Imbus and Suh 1973). Each participant received the modified 
4 British Medical Research Council Respiratory Questionnaire for 
determining the prevalence of byssinosis and bronchitis. Byssinosis 
| yras gTaded according to the classification of Roach and Schilling 
1§^I960). Chronic bronchitis was defined as grade 0, no evidence of 
sputum production; grade 1, simple chronic bronchitis; and grade 2, 
chronic bronchitis with an exacerbation (Imbus and Suh 1973). 
Smokers were defined as those regularly smoking one or more 
cigarettes per day (Molyneux and Tombleson 1970). Forced expira¬ 
tion was measured in all participants before the beginning of the 
work shift On the first day of the workweek. Approximately 80 
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.—BysSfiibsis prevalence by grade, smoking 
statSg^fStttdl dust level among men working in 
^hetic/y ool mills and cotton/blend mills, 
^ lina, 1970—1971 


.... o r,n_ ,i ,i nv;j.j 


percent underwem"spir\s ! (netry again 6 hours into the work shift 
(Imbus and Suh 193-3-h- 


Like Molyneux 
Lancashire mill 
that smoking wa 
and that the prd 
byssinosis. After i 
additional signifijanifsmti 



smbteson (1970) in their study of the 
the North Carolina investigators found 
?ible for a doubling of the bronchitis risk 
bronchitis was strongly associated with 
ivg for the effect of bronchitis, there was no 
ting effect on the risk of chest tightness at 
the observed dust levels. Cigarette smoking seemed to play a greater 
role in byssinosis prevalence as cotton dust levels rose (smoking- 
cotton dust interaction). Figure 2 shows no cigarette smoking effect 
on byssinosis prevalence at low dust levels. However, at the highest 
dust levels, cigarette smoking was found to interact with cotton dust 
exposure to substantially increase the acute symptom prevalence 

(Merchant et al. 1972; Merchant, Lumsden, Kilburn, O'Fallon et al. 
1973a). 

No "safe" level of coLton dust exposure has been identified for 
cigarette smokers (Merchant, Lumsden, Kilburn, O'Fallon et al. 
1973b). However, among nonsmokers, these investigators found no 
case of byssinosis below a cotton dust level of 02 mg/m* An 
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FiGURE 3.—By^jpitltis^prevalence by median dust level 

am6Hg' Vl cuirrent smokers and those who never 
sm^kTSlfTTpceparatiott and yam area workers, 
linear regressions and fitted profit dose- 
res pwRRMB^CU rves 

NOTE Orouf t 40 1 . unottfr-ouf 1 (Al, *on»m*4*ri 

SOUKCE. -- tw*, 

! ? * 

examination of a ^t^^pulation found one case in a nonsmoker 
below this level (Figure 3). Workers with byssinosis who stopped 
smoking but did not change their work area lost their byssinosis 
symptoms (Merchant et al. 1972). These observations suggest that 
there may be a "safe' 1 level of cotton dust in the absence of other 
inhaled irritants. Cigarette smoking seems to lower this threshold of 
susceptibility to chest tightness below the present limits of cotton 
dust detection. At least in some individuals, this threshold may be 
restored by smoking cessation. 

The repeated demonstration of a linear dose-response relationship 
of symptoms with cotton dust levels led to the development of cotton 
dust exposure standards to protect the majority of the workforce 
(Roach and Schilling I960-. MeKerrow el al. 1962, Merchant et al. 
1972; Merchant, Lumsden, KUburn, O’Fallon et al 1973b). The 


http://legacy.library.ucsf.efflc(ticK^q®iTlpaO'/|aclit(w.industrydocuments.ucsf.edu/docs/zxgl0001 


52614 4127 









American Congress of Government Industrial Hygienists' (ACCIH) 
Nearly cotton dust standard was based upon the work of Roach and 
Schilling (1960), which concluded that 1 mg/m J gross (total) dust was 
safe level for occupational exposure. Further study, however, found 
hat the biologic activity of cotton dust resided primarily in the 
jfespirable dust fraction (McKerrow et al. 1962). The use of total dust 
■^as the only measuhs\,of exposure has sometimes resulted in a 
ialeading lock of • between cotton dust level and 

yasinosis symptomspwcKerrow et al. 1962, Molyneux and Tomble- 
lifem 1970; Merchant aM- 19^)- 

^ High correlations I betfifSea byssinosis symptoms and respirable 
sgiiust levels were o hJ$88§Ki jging the vertical elutriator to sample 
dust of an aerodynamk dimeter of 15 pm and less (Merchant, 
umsden, Kilburn, et al. 1973b). in Figure 3, cigarette 

smokers are shown t|^9^^|slightly higher prevalence of byssinosis 
symptoms than non^rnokers jat each measured dust level. A linear 



e-response model 
it levelsTjpm 0. 
onsmollphsrbse fr< 
rcent. ^&^tapcri 
/els^^p^i attr 
workers (Kilburn 19 
To minimize the 
consequences, the Oo 
OSHA) (US DOL 198, 
to acknowledge the 



data sc low dust levels. At respirable 
mg/m 1 , the byssinosis prevalence in 
percent, and in smokers, from 0 to 53 
the dose-response curve at higher dust 
^|i self-selection by less susceptible cotton 

ploms and to inhibit possible chronic 
atiSnal Safety and Health Administration 
odified the permissible exposure limits 
idee of the respirable fraction of cotton 
.dust (approximately^LSuMS), or less aerodynamic equivalent diame¬ 
ter). The OSHA stahdard specifies that employees engaged in yarn 
manufacturing maymmt^jlexposed to respirable cotton dust levels 
greater than 0-200 rng/'nf pver an 8-hour average, and employees 
assigned to the sla^^^i^avirg processes can be exposed to no 
more than an B-houc av|rag<t of 0.750 mg/m 1 of cotton dust (US DOL 
1981). No specific tPWiidation has been made to recognize the 
increased byssinosis susceptibility of cigarette smokers. 

Effects of Smoking and Cotton Dust Exposure on 
Pulmonary Function Tests 

In a cross-sectional study of 61 textile workers on carding 

chines, Zuskin and colleagues (1975) found a rough correlation 
tween the grade of byssinosis and the L-second forced expiratory 
volume (FEV,) before dust exposure. These observations confirm 
those of Merchant, Haiprin and colleagues (1974) (Figure 4). It is 
suggested that those with byssinosis symptoms start the workweek 
with a lower FEV, than those without symptoms (age, height, sex. 
race unaccounted fori, and at least for the individuals with byssinosis 
grade 1/2. that overnight exposure cessation is insufficient for 
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complete respir^^r recovery and that a longer abstinence period (a 
weekend, for example} Is necessary to restore preexposure levels of 
ventilatory fundtTonTMftrchant, Halprin et al. 1574). 

The baseline initiall^ervtilatory function, measured as percent of 
predicted FEV, IsntrfijTced vital capacity (KVC), showed that among 
nonsmokers mild decrease was rioted in those with 

bronchitis alonlTwfthb&t hyssinosis) and a more marked decrease 
was observed byssinosis alone (without bronchitis). In 

men, the lowestvalue was observed among branchitics with byssino- 
sis. Smoking further reduced the baseline ventilatory function in 
every category (except nonbronchitic, byssinotic women). (The au¬ 
thors pointed out that the small sample sue may have made the 
slightly higher ventilatory function value among this group of 
women somewhat uncertain.) There was also an interaction of the 
effects of cigarette smoking with cotton dust exposure upon baselme 
forced expiration, similar to that found for symptoms of chest 
tightness (Merchant, Lumsden, Kilburn, O'Fallon et al. 1973b). 

Studies of pulmonary function among 61 textile workers showed 
that cotton dust exerts its acute effect primarily upon the conducting 
airways rather than upon the gas-exchanging parenchyma (Zuskin 
et al. 1975). Zuskin and colleagues observed a significant reduction 
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\ TABLE 6.—Average percentage of predicted FEVj in 
J smokers and nonsmokers with and without 

byasLnosia and bronchitis 


A»trif» p*re*nt W pced«4*d fSV, 
tMnipie ttt) 






Noftbyminot* 


Sy^atrKjCjLc 


®4 mi) 

Mi (28) 

88 2 139} 

».l (16) 

83-5 U.J72J 

Al 5 (£37} 

11-2 <4*0 

737 <H»I 

837 (1.7291 

76 6 <47* 

•2.9 (6fl) 

73 4 nil 

*> s (Ul3t 

T7.0 (30) 

81.3 (S3) 

73 5 (15) 


SOU*C& lmfco4 %n4 SMh (!!»?>» 



across a workuhift and midexpiratory flow at 50 percent 

(MEFvw) ar.d a stijsil&cally significant increase in residual volume 
In contrast, pieth)^j^&£ji}phically determined total lung capacity (a 
measure of alveolaV votumfe) and the single-breath diffusing capacity 
(a measure of gas were unchanged. 

In Figures 5 anqo are sjiown the effects of byssinosis, bronchitis, 
and smoking on S^S^ptii^asured before and after". 6 hours' work, 
adjusted to a basearit ofi 40 years. People with bronchitis alone 
(without byssinosIPHiwNpeople with byssinosis alone (without 
bronchitis) experience a decline in FEVi during the workday. People 
with a combination of both conditions, however, show the greatest 
decrement. Although forced expiration change across a work shift 
also shows a strong association with dust levels (Merchant, Lumsden, 
Kilburn, O'Fallon et al. 1973b), the relationship of cigarette smoking 
to the cross-shift decline in function is less clear. Merchant, 
^lumsden, Kilburn, O'Fallon, and colleagues (1973a) found no 
smoking effect on acute ventilatory function change within any dust 
level, over all dust levels, or as part of a dust times smoking 
interaction (Merchant. Lumsden, Kilburn, O'Fallon et at. 1973a). 
Zuskm and colleagues (1969) and Jones and colleagues (1979) 
reported similar observations. However, Haglmd and Rylander 
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FIGURE 5,—By^sinosyii bronchitis, and smoking effects on 
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(1984) found that cigarette smokers seemed to have a lower effect 
threshold. Among cigarette smokers, the threshold for a 5 percent 
decrease in FEV, was 0.58 mg dust/m 1 , compared with a threshold 
in nonsrnokers nearly threefold greater (1.63 mg/m 1 ). These results 
canfirmed the findings of Merchant and colleagues (1975) among a 
group of 12 cotton workers in an exposure chamber. In addition to 
5 the lower threshold. HagUnd and Rylander (1984) reported a larger 
FEV, decrease among smokers than among nonsmokers at the same 
exposure levels. These findings and the others previously mentioned 
suggest that cigarette smoke may enhance the airways reaction to 
cotton dust. 

Cross-shift change in ventilatory function has been shown to 
depend upon the type of cotton dust as well as the level (Table 7) 
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(Schilling 1956; Roach and Schilling 1960; Merchant. Lumsden, 
Kilburn. O’Fatlon ec al. 1976b: Merchant et al. 1975; Castellan et al. 
1984). Under the conditions of art experimental card room (using 
carding machines under typical commercial production conditions), 
concentrations of gravimetric elutriated cotton dust and the corre¬ 
sponding acute FEV, change were measured (Table 7). In Figure 7 is 
town the significant association of dust concentration and ventila¬ 
tory response found by Castellan and colleagues (1984). Bacterial 
endotoxin, a contaminate of cotton dust, was found in this study to 
correlate even more closely with a decline in ventilatory function, 
but Diem and colleagues (1984) found that the across-shift decline 
was more closely correlated with the log dust level than with the 
number of gram negative rods or log endotoxin level. 
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TABLE 7,—Slopes of doae-response regressions for 

individual cottons, using vertically elutriated 
gravimetric dust as an exposure index 
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o i Cotton Dust Exposure 

ion in forced expiration is usually caused by 
sistance [particularly in the small airways), 
a reduction in elSstlc reioil (emphysema), or both (Bates et al. 1971). 
Chronic cough production may be o nonspecific irritant 

reaction to particte'djypbsition in the conducting airways. Similar 
reactions have in cigarette smokers and workers exposed 

in dusty trades IwhHhfSg mining (coal and metal), manufacturing 
(cement end pla$fcic»Wed foundry work (Morgan and Seaton 1975; 
Hankinson et al. .1977; Morgan 19?8;Kilburn 1980). 



Chronic airflo 
justed total mo 
once adjustment § 
chronic mucus h 
have little additi; 



etion is associated with increased age-ad- 
respiratory disease mortality. However, 
made for airflow obstruction, cough and 
^tion (the symptoms of chronic bronchitis) 
ietive value lor chronic obstructive lung 
disease (COLD) mortality (Peto et al. 1963). Since there are both 
significant morbidity and mortality consequences associated with 
the development of chronic obstruction but not with simple bronchi¬ 
tis. it is important to determine whether the acute symptoms of 
bronchitis and chest tightness associated with cotton dust exposure 
are associated with chronic airflow obstruction to a greater extent 
an could be explained by cigarette smoking alone. 

The contribution of the acute byssinotic symptoms (grades ] /2 and 
1) to the subsequent development of airflow obstruction and the 
chronic forms (grades 2 and 3> of byssinnsis is not well documented 
(Douglas et al. 1984). The term "byssinosis" is often applied to the 
acute response to inhalation of cotLori dust as well as to the 
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1GURE 7.—Percentage of change in forced expiratory 
volume in I second (FEV,) (mean±SE) for 
each subgroup of people exposed for 6 hours 
to a clean room and to dust from various 
cottons (M persons In two equal-9ued 

subgroups; seven different cottons) 

NQTt: A. Plot of change in FEV, I percent> >tn*i vertK^tlj i»ud airtom* du— nurstrilMn 

1/n^' nt'fc s Plot ai c ha Apr m FEV , IpercvatJ wrva vcrLuLallf «lul riaU-d airborne • ndfUiain cCnomLrafion t n( ‘ nn'l 

SOURCE CaalxrlUn ft »l U5At> 
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permanent dyspnea with impaired function. Although a link of 
pathogenesis between the two has been assumed, and is supported by 
finding impairment in textile workers without other exposures, no 
longitudinal study has been done that documents this transition 
(Kilburn 1983), 

Nevertheless, chronic airflow obstruction has been found more 
frequently in cotton textile workers than in control populations 
(Bouhuys et al. J97.7; Wpgman et a! 1983). Obstruction has been 
found paKicutarlw,$jgpl$ the older, cigarette-smoking cotton textile 
workers (Merchant, Lumsden, Kilburn, O’Fallon et al. 1973a; Beck, 
Maunder, and Sp^BchtS*! 1984). Whether cotton textile workers are 
compared with i ipStrt^ population of synthetic fiber and wool 
workers (Merchaf^ll&triisden, Kilburn, O'Fallon et al. 1973a), with 
farmers and worlds fr^gn other industries (Bouhuys et al. 1969). or 
with the populates'%firrural town (Beck, Schachter. and Maunder 
1984), there is sp^^fectional correlation between occupational 
exposure to cottah dust apd impaired ventilatory function. 

Followup Etudp&spwi: document a greater fall in ventilatory 
functkHyypong byssinosis help to establish the transition 

b«tw<jpnnute awNfnfronic effect (Bouhuys and Zuskin 1976). Beck, 
Scha<iteis«i§ and l^S^nder (1984) have compared the frequency of 
func^^^|febormaUty among South Carolina cotton 
textile workers wnuUfpulmonary function survey results among 
residents of a Cogjtt aBS&aft community. These researchers report that 
both byssinosis abd^rhoking were associated with subsequent 
impairment of agfe0'Saheight*ad)usted respiratory function. They 
found that even i^mpt^natic cotton textile workers had significant 
lung function impairnwajt compared with controls. In general, cotton 
textile workers ’ had loiwer lung function among smokers and 
nonsmokers, for j|tgg|pg^n and women and among those with and 
without symptoms, but .these differences were only statistically 
significant for ti|^^^i|oking asymptomatic female subgroup (the 
subgroup with the l^rges^ number of individuals). Smokers also had 
lower FEV, lhar^®Si^ftbkers in each of the subgroups. However, in 
the absence of cotton dust measurements, nonoccupational factors 
related to control selection may be postulited to have contributed to 
these findings (Tockman and Baser 1984). 

Other followup studies of cotton textile workers provide inconsis¬ 
tent support for the importance of byssinosis to subsequent ventilato¬ 
ry impairment. Zuskin and Valic (1975) reported on a 10-year 
followup of selected members of a worker cohort exposed to coarse 
cotton dust. These investigators found both an increased prevalence 
of byssinosis on followup examination and approximately twice the 
rate of mean annual decline in FEV, among men who had byssinosis 
initially, compared with those who later developed it or to those who 
did not report this symptom. Smoking was not found to contribute 
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significantly to the development of byssinosis. Contrasting- results 
I were reported by Berry and colleagues (1973). who examined cotton 
f textile workers at several plants and found that the cotton textile 
workers had a 54 mL per year decline in FEV, compared with 32 mL 
,i per year in workers in the synthetic textile mill; however, most of 
1 this excess decline could be attributed to workers in only one mill, 
j FEV, declined 19 mL per year faster in smokers than in nonsmokers. 
P However, despite these differences between the cotton workers and 
s| the control group, ao. : d|f^tSrice in annual FEV, decline was found 
" f - between the subjeetp^th and without byssinosis symptoms. Cotton 

S xtile workers witl^ecutg^gTades 0 or 1) byssinosis symptoms and 
ose with bronchitB pfbwjng cotton dust exposure may be a subset 
if of the population aPrPSc^Jf further ventilatory deterioration. The 
^sensitivity and specyssdtj^f these symptoms for subsequent lung 
* injury is yet to be esCabi®ed by cohort studies. 

Followup studies textile workers have been weakened by 

several sources cf shw^^^blf-selection of workers Tor continued 
""^pployment in dust^^rtr^iments introduces bias into studies that 
^ oxaminft ^pq fo the |^fif$g£j|y available workforce, who may be 
Ihealthiej^Jhan workers who have left the industry. Berry and 
^ colleagues jii73) repinbd that leas than half of the subjects were 
availl§l^fllfcientfj&i$8§ to calculate an annual FEV decline. 
^Merchant, Lumsdenj^JOhgrn, O'Fallon, and colleagues (1973b) 
^reported substantial^^inM^e nf selection away from dust exposure 
^in the cotton texlil^^pfetry, which results in the presence of 
g!relatively resistantin dustier areas at the time of cross- 
\ sectional surveys. As .Beck,' Schachter, and Maunder (1984) have 
shown, it is feasible to survey the retired workforce in addition to 
those currently act|gpgpgfcier to account for workers who retire 
prematurely becausl of poor^respiratory health. To finally determine 
'^the magnitude of dust effect on chronic lung function of 

cotton textile wo rk.e„r|Lstudies must carefully distinguish the sepa- 
SFrate indices of cottoiraiisrratig injury, and impairment rates must be 
^tabulated over the entire population at risk. However, documenta¬ 
tion of the association between exposure and lung injury will become 
increasingly difficult as industrial hygiene control reduces the levels 
^of occupational cotton dust exposure. 


Jhealthie|yyMn workg 
' colleagutes ti§73) relilil 
availlirWhcientp 
|Merchant, Lumsden^, 
^reported substantial*® 
in the cotton textile, 
^relatively resistant §H 


chanisms of Cotton Dust Lung Injury 


Epidemiologic observations have suggested that cigarette smoking 
and cotton dust have complementary effects on the airways. A 
discussion of the mechanisms of cotton dust lung injury may 
facilitate an understanding of this interaction. 
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Inflammation (Bronchitis} 

Considerable effort has been devoted to the search for specific 
agents responsible for the symptoms and changes in lung function 
associated with cotton dust exposure. These investigations have 
focused upon water-soluble extracts found in the cotton bract. An 
animal model has been developed that partly reflects the sequence of 
clinical findiitrgs.seer) in cotton textile workers. Hamster inhalation 
of condensed vegetable tannins from card room floor sweepings 
stimulated t|» recruitment of leukocytes to the trachea, bronchi, 
and small bfencKt8|es, with a time course similar to that of 
byssinoais sy^ptimsjn humans (Kilburn, Lynn et al. 1973). Tannins 
isolated front^ww^bract have been shown to cause pneumocyte 
lysis (Ayars eU^. 11|S4). Other agents in cotton dust have also been 
found to have'pSstkihacologic activity (Hitchcock 1974; Ainsworth et 
ai. 1979). Ck>|§ggi$^ that have been identified in cotton bract 
extract in significant Concentrations include tannin, 5-hydroxytryp- 
tamine. endopiiSiliind histamine (Rylander 1981; Bouhuys and 
Lindell 1961; kohfhsc|i et ai. 1984; Russell et al. 1982). 

^^S^nacol(^^.§S®%ity has also been isolated from the compo- 
na^hjitstf bactergiand fungi found in cotton bract. Studies by Cinkotai 
anil poUcaguti have demonstrated a close relationship be- 

dWilsifr' vS ihe priPlNemfq o<* byssinotic symptoms and the airborne 
concentration ^«f»^-negative (endoagar) bacteria. In Figure 8 are 
shown a close eftyjlatfon between byssinotic symptoms and levels of 
gram-negative bij^^ta, a more variable relationship with gram¬ 
positive (nutri^^ftga|) bacteria, and no relationship with fungi or 
with airborne^dust.Human exposure to airborne gram-negative 
bacteria may result inlpymptoms related to the presence of endotox¬ 
in lipopolysaci%g^idfcg$ithin the bacterial cell walls (Rylander 1982). 
This material SouTa activate complement (Wilson et al, 1980) with 
subsequent ges^ra^g^of anaphylatoxins, release of histamine and 
leukotactic sui&ta/Ices.'and induction of an inflammatory response. 

Cotton bales )|^S^^erent geographic areas may be contaminated 
with different levels of gram-negative bacteria Cottons grown in dry 
areas with irrigation were found to have smaller amounts of gram- 
negative bacteria (Rylander et al. 1985). The culturing of viable 
organisms was found to be a misleading index of byssinosis potency, 
however, because endotoxin activity persists after bacteria! death 
(Rylander et al. 1985). Airborne endotoxin levels correlated with 
byssinosis symptoms, blood neutrophil levels, and airways response 
(Rylander et al. 1985). Castellan and colleagues (1984) have reported 
a high correlation between endotoxin exposure and ventilatory fall 
in experimental exposures (part B of Figure 7). Their daLa show no 
evidence for an endotoxin exposure threshold, but this conclusion 
depends on the validity of the four outlying observations presented 
in the figure, in an experimental card room, Haglind and Rylander 
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FIGURE 8.—Concentrsaliop of endotoxins in airborne dust 
coirettiifciS^B^th the prevalence of bysainotic 
symptoms 
SOURCE Cj-Voui* U (I9TO 

(1984) found a dose-response relationship between the average FEV, 
decrement across a work shift and the amount of airborne dust or 
endotoxin. These data have been used to suggest that endotoxin 
i^ihta mi nation of cotton, rather than the plant dust itself, is 
responsible for the byssinosis syndrome. However, Buck and col¬ 
leagues (1984) have reported that cotton bract extract contains a 
bronchoconstricting agent or agents distinct from endotoxin and 
have suggested that an interaction may exist between the effects of 
endotoxin and these other agents; Diem and colleagues (1984) have 
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shown e closer correlation in across-shift decline in lung function 
with log cotton dust levels than with log endotoxin levels or the 
number of gram negative bacteria. 

Cloutier and colleagues (1984) noted that many of the hypothesized 
mechanisms of byssinosis, including bacterial endotoxin effects 
(Rylander et a). 1979, 1985; Rylander 1981, 1982), nonallergic 
histamine release (Bouhuys and Lindell 1961; Ainsworth et al. 1979; 
Noweir et al. LS&fr^iuid airways smooth muscle contraction by a 6- 
hydroxytryptar^|l : ll^HT), receptor agonist (Russell et al. 1982), 
require that tKe byjsjnotic agent cross the airway epithelium. 
Normally the respiratory epithelium bars inhaled substances from 
access to the to airway smooth muscle, or to the 

bloodstream (Cfoutier ef al. 1984). The application of aqueous cotton 
bract extract toj^g^-aehea has been found to disrupt this barrier 
by inhibition (xf^&^cpitheiial ion flux (Cloutier et al. 1984). 
Alteration in QrcaCuve ion transport may result in an altered 
osmotic balanc *iAi&fc|«l airway. Although the components of cotton 

bract extract responsible for the altered ion flux are unknown, 

Clo fffogai nd co|^g^£g|(1984) consider tannin and 5-HT to be likely 
cau^s^ndotoxim s .to bd a possible cause, and histamine to be an 
unlfxiriy^cause.pjttier components of the cotton bract, including 
C-7 have also been roenticned as possible 

etiologic agentsffijl^tira 1980). 

Inhalation smoke can also induce alteration of active 

ion transport by i^^airway epithelium (Welsh and Karp 1963). 
Inhalation of thjjpfTnoke from one cigarette decreased the electrical 
potential difference across the tracheal epithelium owing to an 
inhibition of th^i rate <S(! chloride ion secretion. Active ion transport 
by the airway ^ij^sJxybri plays an important role in the regulation 
of the volumensWfliconiposition of the respiratory tract fluid. 
Inhibition of trlkpggg^jielial ion flux by cotton dust (Cloutier et a!. 
1984) and by ci^ar^.te Smoke (Welsh and Karp 1983; Kennedy et al. 
1984) may prod &Si^ &iiiv mptorr.s of acute bronchitis, and each could 
conceivably have an additive effect upon the other. 

Alteration of the osmotarity and the ion concentration of inhaled 
aerosols can produce both cough and bronchcconstriction (Eschen- 
bacher et al. 1984). These investigators found that in asthmatics, the 
stimuli for cough could be distinguished from those for bronchocon- 
striction. They suggest that afferent airway nerve depolarization 
may occur as a result of anion flux imbalance (outward anionic flux 
cannot be balanced owing to the inhibition of inward anion 
movement) and that cough is the reflex response (Eschenbacher et 
al. 19841. Alternatively, Hogg and Eggleston (1984), noting that 
disruption of epithelial tight junctions has resulted from transtra¬ 
cheal osmotic gradients, propose a mechanism whereby the vagal 
irritant reflex receptors located close to the tight junction might be 
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deformed by this osmotic disruption. In addition, epithelial injury 
and sensory receptor sensitization account for increased susceptibili¬ 
ty to cough following airways irritation in asthmatic subjects (Etnpey 
et al. 1976). It ia possible that acute bronchitis in cotton workers may 
be caused, in part, by similar mechanisms. 

Airwaye Constriction 

Cotton dust exposhgfy$iay induce airways narrowing in atopic 
individuals (Jones MpHSSO; Parkes 1982). Skin test atopy identifies 
those at risk of acfite brqnchocorestriction (cross-shift FEV t change) 
following exposure to-shigiS concentrations of cotton dust (elevated 
levels of both tota|p^^spirab!e dust) (Jones et al. 1980). These 
results do not necessarily ..imply that a specific immunoglobulin E 
UgE) response is or that elevated levels of IgE (beyond 

those found in ato^jg ;: iM^duals) must be detected in serum (Pepys 
et al. 1973). The Idratt* mist bronchoconstrictor response seen in 
atonies may be notaras£i&^ Agents extracted from cotton dust have 


' '^een documented to p 
rteviou|$panex 
rcsponsfe.^.ir.divi 
logic orimcant 
one Boi 

1984; Hagiind am 
nonimmunologic 


ube lung injury and physiologic response in 
nteers. The presence of an airways 
j not previously exposed suggests a pharmaco- 
rtisrn rather than an idiosyncratic (allergic) 
81; '.Vegman et al. 1983; Douglas et al. 

W ier 1984; Schachter et el. 1985). The 
of the cotton dust lung response is 
supported by the failurtet^. find precipitating antibodies in the sera 
of cotton textile w$j$irc tq extracts of cotton bract, carpels, stems, 
leaves, cotton lint, |r carcf'rbom cotton dust (Kutz et al. 1981). 

Release of bron£tt88tSTSPtricting mediators from the mast cells 
beneath the bronchial epithelium does not require development of 


immune hypersen: 
The nonspecific re 
specific hypersensi 
as complete atlergi 
haptens, e g., penief 



osman et al. 1981; Findlay et al. 1981). 
uced by cotton dust contrasts with the 
ctions due to inhaled organic dusts Euch 
grain dust (Dosman 1977); incomplete 
aVies et al. 1974); simple but very reactive 
copolymerizing compounds, e g , Isocyanate (Butcher et al. 1977); or 
wood dusts (Chan-Yeung et al. 1973). These specific hypersensitivity 
reactions are found in relatively few of the exposed individuals, even 
after a suitable period of exposure (Dosman et al. 1981), and atopy is 
not required for mediator release (I^im et al. 1979; Bryant and Burns 
76; Boushey ct al. 1980). 

Nonspecific hyperreactivity may be acquired as a result of chronic 
exposure to inhaled occupational irritants (Lam et a! 1979). One 
mechanism for triggering mast cell dcgramliation and subsequent 
smooth muscle contraction may result from PGF release from 
macrophages activated by cotton dust. An aqueous extract of cotton 
plant "trash” has caused in vitro elaboration of prostaglandins (PGF, 
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pressure at total lung capacity, was found ortly in older {aged 
s*m$S& 6 to 69} hemp workers (smoking status unspecified) by Guyatt and 
colleagues (1973). These workers had at least 20 to 30 years of cotton 
^^dust exposure. The younger population (aged 31 to 51), studied with a 
swssyariety of pulmonary function measurements by Zuskin and col¬ 
leagues (1975), showed no emphysema as documented by normal 
values of the single lyeath carbon monoride diffusing capacity. This 
inding of eruphisemataus changes only among older workers is 
ns is tent with the ((#!»' for i» :n o k e rs in the general population, and 
^..therefore does not Remonstrate a specific effect of cotton dust 

reported the prevalence of radiographic 
(jhyseraa (flattening of the diaphragms 
Ozones of lung) in 233 male cotton textile 
radiographic changes were present 
,er smokers in the population. 

9 are from the study of Pratt and 
;ned fixed, inflated lung specimens from 
ed at the Durham (North Carolina) 
ical Center. The findings from the 56o 
cases wKti ,fcnown 'smOKutg histories are presented. The mean 
pcrcetudg^s'sf ccntftfbhular emphysema (CLE), mucous gland vol¬ 
ume, del l m dteffjatetai and pigmentation grouped by employ¬ 

ment or nonemployhnent ai;a cotton worker and by smoking status 
are shown in Table feiiSiifwere 44 cotton workers, 8 of whom were 
nonsmokere. The statistical Vesults or covariance analyses performed 
on these data are^#j$imr in Table 9 Cotton dust exposure is 
significantly associsrard-with mucous gland volume and peripheral 
goblet cell metaplasta-irv.nonsnriokers. Cigarette smoking and pipe 
smoking showed associating with centrilobular emphysema, but no 
association of empijggtgg^'was found with cotton dust exposure. 
Examination of the main lobar and segmental bronchi showed no 
morphologic difTer$8§lS|IS8i|veen smokers and nonsmokere (Edwards 
et al. 1984). Thesesdafe v may be interpreted to show that airways 
inflammation (bro^mwinii rather than parenchyma] destruction 
(centrilobular emphysema! follows chronic cotton dust exposure, 


exposure. Kilburn 
flanges consistent 
and radiolucentor ai 
" workers and found 
only in the smokers l 
The data in TabB 
colleagues (1980), wlj 
vj^iselected autopsie 
. Vetera niteAdmmistr! 


Cotton Oust Exposure and Mortality From Respiratory Disease 

and Lung Cancer 

Owing partly to the difficulty in following cohorts of cotton textile 
vorkers and partly to the lack of a smoking history among the 
recorded deaths, there have been few studies of mortality related to 
cotton dust exposure In a mortality study of two cohorts of cotton 
textile workers. Henderson and Enterline (1973) found lower mortal¬ 
ity rates overall (SMR 71.7 to 89.6). lower respiratory disease 
mortality (SMR 36.4 to 76.1) and lower lung cancer mortality (SMR 
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TABLE 9.—Covariance model results (F-test probabilities) 
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from the mortality rates of Georgia white 
dy. Merchant end Ortmeyer (1981) found a 
; ry disease mortality (SMR increased from 61 to 
tion of ootton dust exposure from less than 
, although no overall mortality excess was 
neux (1981) also found no excess mortality 
ust exposure. Although consistent with 
;t observation must be considered prelimi- 
0 percent of the Lancashire cotton null 
workers under studjfjyjve died. 

Two studies ofcancer^ates among North Carolina cotton textile 
employees show^^mj^oss of lung cancer mortality (Heydcn and 
Pratt 1980). Dat^Trorrflhe Third National Cancer Survey contain a 
representative sa mpitf4>f j: a'; ,1e r .cancer cases occurring over 3 years 
in a population of 21 ^nilijon men and women who were interviewed 
to determine thei'jpgg§$£§tion, socioeconomic status, and tobacco and 
alcohol consumption (Williams et el. 1977). These data indicated a 
slight (2.06). nonsignificant odds ratio excess risk for lung cancer 
among male cotton textile workers. While this observation is of 
interest because the odds ratio was adjusted for smoking, it depended 
upon only three cases of lung cancer. At this time, therefore, there is 
no evidence to suggest a lung cancer excess among cotton textile 
workers. 


Control of Cotton Dust Exposure 

The feasibility of controlling cotton dust exposure by preprocess¬ 
ing the cotton (heating, washing, or steaming) has been studied by 
Merchant. Lumsdcn, Kilburn, Germirto. and colleagues (1973). 
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Although -washing the cotton removed detectable biologic effects, the 
cotton became difficult to spin. Steaming the cotton, while practical 
for the manufacturer, resulted in an unexpected consequence 
(Merchant, Lumsden et al. 1974V, while it initially removed some of 
the ootton dust, the steaming process also bound dust to the cotton 
fiber. Although cotton steaming led to a lower dust level and a 
smaller fallal cross-shift ventilatory function in the preparation 
area, subsequent release of the bound dust during spinning resulted 
in focreasedjpBt levels and symptoms of byssinosis and bronchitis in 
the areas whgn theq§ processes were performed (Merchant, Lumsden 
et al. 1974). f f 

The inabi^^jftjntrol cotton dust levels by treating the cotton 
has led to trie imposition of Occupational Safety and Health 
Standards of dust (US DOL 1981). Although these 

standards hay&gm§idLted in substantial cost to the cotton textile 
industry, progress ip reducing byssinosis has been made by the 
implementat^^ppgjmpetent air hygiene practices (Kilburn 1983; 
Gideon and .Johpson 1978) using commercially available lint and 
t^j$is8$ntrol |$mtt^Barr et al. 1974). 

p«i '0g^ 

^vSitmt&ry ar^ V: fq««lus(ons 

1. Byssin<R^g££»|lence and severity is increased in cotton textile 
workeriPs^oimoke in comparison with workers who do not 
smoke. 

2. Cigaret^^hnoJ^ing seems to facilitate the development of 
byssinosis in smokers exposed to cotton dust, perhaps by the 
prior inoucluon^f bronchitis. Cotton mill workers of both sexes 
who smqks.^mj^a consistently greater prevalence of bronchitis 
than nomSmoRii'rs. 

3. The imtojgAae^of cigarette smoking to byssinosis prevalence 
seems to gnbw'tibth rising dust levels (a smoking-cotton dust 
interact|Mg||^githe highest dust levels, cigarette smoke was 
found td interact with cotton dust exposure to substantially 
increase the acute symptom prevalence. 

4. Nonsmokers with byssinosis have lower preshift lung function 
and s greater cross-shift decline in lung function than asymp- 
tomaLic workers, and those workers with bronchitis generally 
have tower preshift lung function than those without bronchi¬ 
tis. In general, smokers have lower lung function than non- 
smokers among cotton workers, both in those with bronchitis 
and in those with byssinosis. 

5. Although the average forced expiration values measured at the 
start of a shift are reduced among smokers, the cross-shift 
decline in function does not seem to be affected by smoking 

status 
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6. The contribution of the acute byssinotic symptoms (grades 1/2 
and 1) to the subsequent development of what have been 
termed the chronic forms (grade 3) of byssinosia (which include 
airways obstruction} is not well documented; however, chronic 
airflow obstruction has been found more frequently in cotton 
textile workers than in control populations, and thiB lung 
function lost apjpears to be additive to that caused by cigarette 
smoking. 

7. Cotton dust.exposure is significantly associated with mucous 
gland volurle'Wtd peripheral goblet cell metaplasia tn non- 


smokers, a 
rette smoker! 
smoking is 
bular emph^ 
smoking and 
found with ca 
pdenc| 

Inssl am 4i 



consistent with bronchitis. Among cigs- 
riteraction of cotton textile exposure and 
^able for goblet cell hyperplasia. Centrilo- 
i found only in association with cigarette 
oking. There is no emphysema association 
£t exposure. 

kpt currently suggest an excess risk of lung 
exlile workers- 
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Introduction 

The major focus of this chapter is the interaction of cigarette 
smoking with radiation exposure; epidemiologic and experimental 
studies are reviewed. Radon is a noble gas that is created as a 
consequence of the radioactive decay of radium 226. Its half life is 3.8 
days. Radon is of much less health concern than are its immediate 
decay products Pb-214, Bi-214, and Po-214), which have a 

collective half-life ofjftgigbximabely 30 minutes. Known collectively 
as radon daughte^sney rfecay to lead 210, which has a half life of 22 
year3. Because there arq^mall amounts of radium in all rocks and 
soils and in moej; Wilding materials, radon is ubiquitous and is 
constantly being from ground surfaces; when it diffuses 

into the atmosphere, it is Japidly diluted. Radon levels are enhanced 
whenever radon i$$ifWgiijj£ed into an enclosed space rather than into 
the open air, there&||jjy»(ion levels in most underground mines are 
higher then in open air.'There are elevated levels of radium in 
uranium and phostofe$giSg!|jes, so there are naturally enhanced levels 
'.iof radon and its* da|ght£rs in such underground mines (NCRP 
' 1 SMaWssgi iililli 


Hur^rp^osure^lig^tlon From Radon Daughters 
When radon ini air decays, its daughters, being ionized metal 
atoms, tend to bec&|s^K«£ched to the nearest solid object, usually a 
dust particle. These di^J^jarticles and attached ions are inhaled by 
people breathing a fraction is deposited within the lungs. 

From the stand pi i rX'of'i a d i a t i o n dose to the critical cells, the 
amount deposited b'fi 'thC 'tr ac ^ eo hronchial epithelium is important. 
Because radon daughtersj|ecay rapidly, they deliver their radiation 
before they can bel^wived by normal lung clearance mechanisms. 
Particles deposited, v |yfc. s mjjrtial forces (impaction) would also be 
present preferentijar^lif'^ifurcatians. Although alpha, beta, and 
gamma radiationSw<y|swasfhitted by radon daughters, the alpha 
radiation deliversi^over §S percent of the radiation dose to the 
epithelium. The beta and gamma contribution to dose is therefore 
generally disregarded (NCRP 1984b). 

Exposures to radon daughters are generally measured in working 
levels (WL) or working level months (WLM>. One WL is defined as a 
concentration of any combination of short-lived radon daughters in 
I air that produces, from complete decay, 1.3 times 10* MeV (million 
Electron volts) of alpha energy per liter A person exposed while 
working for 1 working month (170 hours) in such an atmosphere 
would receive an exposure of 1 WLM. The maximum permissible 
exposure for underground miners is 4 WLM per year, which is 
approximately equivalent to an average monthly exposure of 0.3 WL 
for 12 working months per year. In the past, many miners in both 
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uranium and nonuranium mines received cumulative exposures of 
between 10 and 10,000 WLM. It is primarily from the study of these 
groups that our information on the health hazards of radon 
daughters has come. Although inadequately studied, average levels 
of radon daughters ia homes appear to be close to 0 004 WL in the 
United States (NCRP 1984a). 

Use of the avykward WL is justified on the grounds that exposure 
to the alpha radta^g^i from radon daughters cannot be readily 
converted to mdssSpmf'/Irsal measures of radiation such as "rad'' or 
"rem.” Many attempts to do so have been made, yielding values 


ranging from 0i3". 
estimating the l 
Although use ofr 
epidemiologic d; 
(Radford 1984). 


Smoking Habit 
Although infol 





per WLM. A further problem involves 
Factor for the alpha radiation involved, 
is factor is recommended (TCRP 1981), the 
te that from 10 to 15 may be appropriate 


osed Miners 


they" were sdmitl 
It was found t! 
smoked a little 
population and 

(Tables 2 and 3)P 




n cigarette usage has not been obtained on 
ve been studied for lung cancer, it has been 
jithem (Table 1). Cigarette smoking histories of 
gre obtained between 1950 and 1960, when 
respective study group (Lundin et al. 1971). 
uranium miners in the United States 
heavily than comparable men in the U.S. 
vajo miners were extremely Sight smokers 
let al. 1976). Swedish miners have a much 
lower smoking prevalence than U.S. miners (Cederlof et al. 1975; 
Radford and Renard 1984). 


mong Smoking and Nonsmoking 


Risks of Lung 
Miners 

Although the dSSlSii^Sis nature of the fatal lung disease of miners 
in the Joachimsthal and Schneeberg mining areas of centra! Europe 
■was not notsd until 1879 (Harting and Hesse 1879), the disease had 
been known for three centuries (Pirchan and Sikl 19321. Lung cancer 
may have resulted in the death of 40 percent or more of the miners 
(Arnstein 1913). It is now generally agreed that mosi of these lung 
cancer deaths may be attributed to radon daughters—and they were 
5 occurring at a high frequency prior to the introduction of cigarettes 
to Europe. 



U.S. Uranium Miners 

When the first lung cancer among nonsmoking underground U.S. 
uranium miners was observed in 1965, there had already been 

4 46 



f 

I 
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.^moking habits of Navajos in U.S. 
’biiner study group, at entry 
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nearly 80 iung cancer deaths among cigarette-smoking U.S. uranium 
miners (Archer 1985). Because approximately one-third of the 
miners did not smoke cigarettes, the discrepancy was so striking that 
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it led some observers to blame cigarette smoking for the entire 
problem and to conclude that if uranium miners did not smoke, they 
would rarely develop lung cancer. 

A second lung cancer among nonsmoking uranium miners was 
observed in a mortality analysis of the U.S. uranium miner cohort 
published in 1969 (Lundin et al. 1969), These two cases represented a 
fourfold excess^of lung cancers (only 0.5 case was expected among 
nonsmokers)—relative risk noted for cigarette smokers (15 
expected versu^ ; ^^ s ooi|rved). Since the U.S uranium miners were 
known to smok'£ at a somewhat higher rate than other U.S. men 
(Table 2), in anj-'aijaJysS* of how much extra cancer could be due to 
this extra smokj^yljjfljdin and colleagues (1971) concluded that this 
extra smoking iMufa accbunt for no more than a 50 percent increase; 
a fivefold to teg^&y^rease had been observed. The discrepancy 
between smoker arlf nonsmoker lung cancer rates suggested an 
interaction betvjwmftN'WO agents. 

A later studj^pf^^iu^e U.S. uranium miners reported that the 
incidence of IdT^pjfraer varied both by cumulative amount of 
radiahiftpjexposai^^o^by the intensity of cigarette smoking (Figure 
1) (Arcnei et al.iTfya). ihe mean exposure of these miners was about 
870|&i$L App^^malely 780 of the uranium miners in the U.S. 
s^j£^(K|up weto &byg fe Indians. They had a much lower smoking 
prevalence than white* miners (Table 3), but nevertheless had 
elevated lung (Archer et al. 1976; Gottlieb and Husen 

1982; Samet, K.utviH>gt. al. 19841. Many of those who developed lung 
cancer had smo^^^mtle or Dot at all (Table 4). Most of the lung 
cancers were JfrerefcinS attributed to mining exposure (Samet. 
Kutvirtctat. 

The role of other factors in the lung cancers of U.S. uranium 
miners was alsoj ppBHIlfii f The induction-latent (I-L) period (time From 
start of mining (to diagnosis of cancer) was shortened by increased 
age at the stapi^pSife|ning, by cigarette smoking, and by high 
exposure rates 1981). The attributable lung cancer risk 

tended to declir#^Kw^ miners who had reached the age of 65 and 
had 25 or more years of latency (Roocoe et al. 1983). An updated 
analysis of these data, using deaths occurring through 1982 and an 
adjustment of expected numbers of deaths for smoking habits, 
indicated that the drop in attributable risk appeared to occur mainly 
among the smokers, not the nonsmokers (Figure 2) (Roscoe et al., in 
press). 

Because the 1-L period is dependent on factors other than cigarette 
smoking (Archer 1981) and the smoking-related shortening of the I-L 
period was minimal in miners exposed to low radiation dose rates 
(Radford 1984), a more detailed case-control study was done of U.S. 
uranium miners (Archer 1985). There were 35 lung cancer cases 
among nonsmoking underground uranium miners (defined as smok- 
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C*jrr*jimtm (wO'V.nq «*V#J rnonris] 


FIGURE 1.—of cigarette smoking and radiation 
exposure on bronchogenic cancer Incidence 
among U.S. uranium miners 

Sul'KCr. A&49**4 1 ro*n Archer «i d llWl 


ing a total ofless than four pack-years of cigarettes and not smoking 
within 10 years of cancer diagnosis) whose lung cancer was diag¬ 
nosed between January 1964 and January 1984. A few of them had 
smoked a pipe or cigars occasionally, but not regularly. Because not 
all of the lung cancer cases were members of the study group, 
supplemental smoking information was obtained from hospital 
records and relatives. Two controls were chosen for each case from 
among 334 smoking U.S. uranium miners Controls were matched on 
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(p<0.001). The mean age at death was 54.7 and 50.2 years, 
respective ly (p < 0.001). 

Two sophisticated analyses using Cox regression methods were 
done of the U.S. uranium miner cohort in an attempt to determine 
the relative contribution of various factors to the miners’- lung 
cancers. One of the analyses used a cohort approach (Hornung and 
Samuels 1981); £he other used a nested case-control approach 
(Whittemore aDd^We’vfi'lan 1983). Both concluded that the interac¬ 
tion between smojj^pjg and radiation effects was multiplicative. 

Swedish MLnerif”!.,,,,. 

Axelaon and Suifigjtil; $1978) conducted a case-control study of lung 
cancer patients in the arga around two adjacent lead-cine mines that 
had begun operap^-jilSbr to 1920. Twenty-nine lung cancer cases 
were identified rjpg^pa^ish death register data; the controls were 
the three individ dais entered in the register just before and just after 
each lung cancer^^^ who had not died of lung cancer. Of the 29 
cases, 21 had underground mining exposure in comparison with only 
19 ofj$&g^74 cojStrulSixThe mean radon daughter exposure of the 
lung fe ft- qoft r cases..was approximately 300 WLM. Smoking informa¬ 
tion was optainttlTo^both groups (some from relatives). Data on the 
21^r^^^^icer d^^^|niners were collected over a 20-year period 
(1956-1976). Theimean age at death was 70 and 59 years, respective¬ 
ly, for nonsmokJifSliH^lsrnolcers with lung cancer. The mean I-L 
period was 43 ano^j^yeats, respectively, for nonsmokers and 
smokers with lun^irohcen. The nonsmokers contributed 47 percent of 
the lung cancer!,"wHe(Has only 19 percent of the controls were 
nonsmokers. 

Damber and Larsson t|982, Larsson and Damber 1982) performed 
a case-control s|irayW ' 6Q4 male lung cancer deaths in the three 
northernmost cotoj^jg;^ Sweden. Two control groups were selected 
from among decebsecjaria living populations Decedent controls were 
drawn from the i^te^g^egistry for causes of death and matched for 
sex, year of death, and municipality to the lung cancer cases. Living 
controls were selected only (or those lung cancer cases under the age 
of 80 (467 cases) and were drawn from the national population 
registry and matched for age, sex, and year of birth. Twenty-five of 
the cases and only 10 of the controls had underground mining 
exposure. The relative risks for smoking and underground mining 
exposure were these: nonsmoking individuals with no underground 
mining exposure, I; nonsmokers with underground mining exposure 
(2.4 decedent controls, 7.0 living controls); smokers with no under¬ 
ground mining exposure (6.8 decedent. 7.4 living); and smoking 
miners (18.2 decedent and 16.1 living! The mean age at death was 69 
and 63 years, respectively, for nonsmokers and smokers among the 
miners with lung cancer. The mean l-L period was 43 and 35 years. 
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respectively, for nonsmokers and smokers among the miners with 
lung cancer. The mean exposure was not given, but was probably 
about 100 WLM, as many of the subjects were the individuals studied 
by Radford and Renard <1984). This difference was considered to 
represent a multiplicative effect of cigarettes and radon daughters, 
but it was not possible to rule out an additive effect. 

Case-control studies w ?re done with a different group of Swedish 
iron miners (Edlingj>:5tS^; Riling and Axelson 1983). Cases were 
deaths from lungpeahcer, and controls were miners who died from 
nonmalignant cai^sea, matched for birthdate, sex, and year of death. 
Mean exposures wer^Sbcjut 100 WLM. There were 44 cases among 




miners, and a e 
calculated fur lung 
were nonsmokers 
smokers than ami 
61 for nonsmokePB an- 
period was 40 an 

||ly. The authors cohcl 
A r^^ctive 
from tt^i-iron mi 
(Radfrfrd and Renj 
per^«-1976j 
10 or more years a; 

94 WLM <84 WL ; 
death). Smoking infori 
cancer deaths and 


mortality ratio (SMR) of 11.6 to 16.2 was 
Of these 44 cases, 38 were smokers and 6 
;k ratio was 1.5 to 2 times greater among 
lokera. The mean age at death was 67 and 
ifavy smokers, respectively. The mean I-L 
and heavy smokers, respective- 
ed that the interaction was probably additive. 

udy was done of another group of workers 
one worked since 1590, the other 6ince 1920 
Death data were collected for a 26-year 
ere 50 lung cancer deaths that occurred 
of mining. The mean exposure was about 
ted for exposure immediately prior to 
n was obtained from relatives for ali lung 
uestaonnaire from approximately half of those 



deaths among no 
risk due to radon 
for smokers (p<0. 
mateiy equal for 
attributable to radon 



study members alive in 1973. Using general population data on 
Smoking and moftafTfyf'^ dose-response relationship for radon 
daughter exposure was ^monsLraled. There were 18 lung cancer 
s versus 32 among smokers. The relative 
i exposure was 10 for nonsmokers and 2.9 
arid the radiation exposures were approxi- 
jps. The absolute excess lung cancer risk 
‘aujghter exposures was slightly higher for 
smokers than for nonsmokers. The mean I-L periods were 41.3 for 
nonarnokers and 38.8 years for smokers. The mean age at death from 
lung cancer was approximately 65 years, but was not calculated by 
smoking status. The authors concluded that the interaction was 
slightly more than additive. 


anadian Miners 

In studies of a group of Canadian fluorspar miners there were only 
2 lung cancer deaths among nonsmokers versus 76 among smokers 
{Wright and Cauves 1977; Morrison et ai. 1981). Smoking data were 
incomplete, but it was estimated that only 5 percent of the miners 
were nonsmokers. The mean exposure was approximately 600 WI.M 
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The followup period was from 1933 to 1977, an interval of 44 years. 
The mean I-L period was 25 years and declined with increasing age 
at start of mining. The mean age at death was 62 years. 

An analysis of sputum cytology results from 249 active Canadian 
uranium miners found that the frequency of atypical cells in sputum 
was related to both cigarette smoking and radiation exposure. Few 
atypias were seen among nonsmokers, and this was interpreted as a 
potentiation r5 liation effect by smoking [Band et ai. 1980). 

I 

Other Epldemlptoglcats Studies Relating Radiation and Cancer 

Because of tHgJ^&t.-Cpst of imported fuel, the Swedes were among 
the first to empWfiiSize &ie closing of cracks and adding insulation to 
dwellings in 0|d|* ,|^|conserve heating fuel. Sealing the indoor 
environment al|o v ,rj||y$ed in an elevation in the radon levels in the 
indoor envirorJ^re^^hese radon exposures have resulted in a 
substantial intr^sfcjuij^weden in the role of radon as well as in the 
role of cigarettercfivpUTtl on their lung cancer death rates. 

A ...<5ggr^ontr^^p(ij| was conducted in rural areas of Sweden, 
lim^ed.ip peop1e..who had lived at the same address for 30 years 
befmPltiath 1983). Measurements of radon in different 

ledarchci 5 to classify wooden houses without 
basements as Ifcw radoh, and brick or concrete houses with base¬ 
ments (especial | |NS8l^built on alum shale or granite deposits) as 
high radon. SmokTlt&Jjistories were obtained on half of the cases 
from question r\«^^^corn pie ted by relatives. In the high exposure 
housing. smokeft v K'atrg1ung cancer crude risk ratio of 8.3; in the low 
exposure housethtlfl^ffttio was only 2.0. There was no difference in 
smoking habits : betweeg' inhabitants of the two types of houses. The 
researchers fellliliiflltnis indicated a multiplicative or synergistic 
interaction. A s^qmLsIudy of Swedish residents did not alter that 
conclusion (Axerem^ml; Edlingelal. 1984). 

In a case-con fcoyJ|u^psy study of 204 Japanese A-bomb survivors 
with lung cancerwfiS'sSbsequently died, the relationship of smoking 
to radiation exposure was examined (Ishimaru et at. 1975). An 
increase in lung cancer risk was seen with increasing radiation 
exposure and increasing amount smoked, but no interaction could be 
discerned. 

A cohort study of 40,000 A-bomb survivors studied the relationship 
of cigarette smoking and radiation exposure to cancer mortality 
(Prentice et al. 1983). Subjects were stratified by smoking and 
radiation categories, and multiplicative and additive models were 
examined. There were 281 lung cancers. The lung cancer risk rose 
with both increasing radiation and increasing smoking. Cancer of 
some sites showed an absence of or a negative correlation, but both 
esophageal and lung cancer risk rose with both increasing radiation 
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-Interaction of radiation and cigarette smoking 
among Japanese A-bomb survivors 
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ble 5). The use of Cox regression analysis 
an additive or a muitiolicative interac- 

rni a case-control study among A-bomb 
"g'Smma radiation and cigarette smoking 
ion to increase lung cancer risk (Blot et 


Comment on Epidemiological Studies 

With the exceptillfwliime of the U.S. studies with over 300 lung 
cancer cases, most human studies were of relatively small 

populations, with ajagfl numbers of lung cancers. Although confi¬ 
dence in the risk^estimafes and the mean I-L periods derived is 
decreased, there is no re^on to suspect that the small population 
sizes provided antjnydyil&tive distortion of the smoking-radiation 
interaction. The sftjS'ies^aried in the quality of their radiation dose 
estimates and of |^g|^oking information. Some of the smoking 
data was obtaioed;by Interview, some retrospectively from relatives, 
and some at study with no consideration given to 

subsequent changes in smoking habits. Because of the small num¬ 
bers, pipe and cigar smokers and ex-smokers were sometimes 
combined with other groups or light smokers and heavy smokers 
were often combined. Some had smoking information on little more 
than half of the population. The observations of protective, additive, 
or multiplicative effects cannot be easily dismissed. These observed 
inferences could all be correct for specific groups at specific times 
without violating any biological principles. 

The mean I-L periods in the various studies differ considerably, as 
do the relationships between nonsmoker and smoker I-L periods. It 
should be noted that in all of the studies the I-L period was shorter 
among smokers than among nonsmokers, although in some studies 
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the difference was small. In studies of radiation and cancer, it has 

frequently been noted that the observed latent period ia strongly 
dependent on age at exposure and on the length of the followup 
period. That is, subjects who are young at first exposure and who are 
followed for most of their lives will exhibit a much longer mean 
latent period than will a group first exposed during middle age and 
followed for only 25 years. The intensity and magnitude of exposure 
may also have aiMnfiuence on the I-L period (Archer et al. 1979). 
Longer I-L periods w<88£^ioted among Europeans than among U.S 
miners. Longer fopcw'up periods and higher radiation dose rates and 
doses are probabljpespo^fible for this difference. 

Cigarette amolang?hab|ts may also influence the measured I-L 
period for devela|P|!S2if cancer following onset of radon daughter 
exposure independent <jf any biologic interaction. Even without 
significant radonexposure, a number of smoking miners 
would have devel^j|^|»^ cancer, and some may have done so prior 
to the latent period retired for radiation-induced cancers. This 
phenomenon wouSdilp^rticularly important in those individuals 
whose rsdjalion B>yj<|sure (but not their smoking exposure) began 
late TheNmro^f this independent development of lung 

cancer :&i« to ci^l^te smoking would be to shorten the I-L time 
ca^»j|^gj^for ra^rudjy^ghter exposure in smokers compared with 
non6thokers, andiTacwSrltera who joined the workforce later in life 
compared with thwe wfswe exposure began at a younger age. 

Differences in agfc'a£ start of mining and years of followup between 
the nonsmokers aM^g^fekers within a cohort might wetl influence 
the relative risksp&Scuiated for the two subgroups within any study. 
However, even ij^agftv^t start, years of foliowup, and percentage 
ultimateiy developing lur|g cancer are the same for nonsmoking and 
smoking subgrou|g^(gj^ relative frequency of induced lung cancer 
might vajry considerably jvith time, as indicated in Figures 2 and 3. 

interaction of ftjsdwtiart and Cigarette Smoke (or Its 
Constituents) in : the Generation of Animal Tumors 

A number of animal experiments have explored the possible 
interactions between cigarette smoke or cigarette smoke condensate 
(CSC) and ionizing radiation. These experiments have used x-ray or 
alpha or beta radiation. Some have used rat or mouse skin as the test 
object; others have used the lungs oT living animals. 

Bock and Moore (1959) found that intense x-ray exposure of a 
small portion of the mouse body increased the sensitivity of distant 

areas of the skin to cancer induction by pai nting with CSC. 

An experiment using CSC and beta radiation from f°Sr on mouse 
skin (400 mice) was reported at two separate time points (Suntzeff et 
al 1959; Cowdry et al. 19611. In this experiment both the beta 
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loses of both were used. The first report 


^gave results at 18 f months and considered the interaction to be 


synergistic. Fifty-fi 
Lskin cancer versus 
jwere used singly. 


it of the mice with combined agents had 
percent, respectively, when the agents 
when the study was completed by 
following the mice until they died naturally, the sum of the skin 
Jcancers among the groups treated with single agents was nearly as 
large as the number found among the mice treated with both agents. 
^Cancers appeared 6 to 7 months earlier in mice treated with both 
^agents. 

| A preliminary experiment using CSC and beta particles on rat 
^^in (McGregor 1976) found a threefold increase in skin tumors over 
that induced by beta radiation alone. The effect was attributed to 
tumor promotion activity because the CSC applications were started 
2 months after beta exposure and because the amount or CSC used 
did not produce any tumors when used alone. This was followed by 
further experiments (McGregor and Meyers 1982), using 916 rats. 
CSC was applied immediately after exposure to 1,600 rad of beta 
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particles in one group and 2 months after in another gTOup. When 
applied immediately, severe ulceration resulted, malting tumor yield 
difficult to interpret. When applied 2 months after radiation, 
malignant and nonmslignant yields were increased Ip <0.01). Again, 
the levels of CSC used produced no significant increase in cancers by 
themselves. The experiments were terminated at 14 and 18 months, 
bo the ultimat| cancer yields were not determined, but at the end of 
the axperimenV'thgxe^vere 2.5 times as many cancers in the beta- 
plvus-CSCgrouM^PffTiie beta-alone group. At 50 weeks, however, the 
ratio was higher (3.4), indicating that tumors appeared earlier in the 
group treated vftUv.both agents. 

Nenot tats that inhaled cigarette smoke plus 

americium 24 iTwIiicif delivered alpha radiation to the lungs. The 
smoke mcreas^H^jpMld of lung cancers and made them appear 
earlier. It was |ntg||j|sted as a cancer-promoting effect by cigarette 
smoke, becausd'Wi(rfS8i&ke alone did not produce cancer at the doses 

The carcinog|lflfPlftfects of radon daughters, uranium ore dust, 
andjypifette dogs have been reported (Cross et al. 1978. 

19w 5^7T5RT l9|4b). Dogs were exposed to radar daughters plus 
urspraroore dd£&i%o radon daughters plus ore dust plus cigarette 
SthctteepS cig3r«ttft t' : ske alone, or to sham cigarettes with room air. 
Daily cigarette smoking: periods both preceded and followed the dust 
plus radon datjfpiliel^icposures. There were seven lung cancers 
among the 20 nonstijetong dogs and none among the controls or the 
dogs exposed to : ^|^xe qlone. Although no dogs were exposed to dust 
alone, other exfpFiWi'£nSk suggest that they would not have developed 
lung cancer. Ex^osuretp 20 cigarettes per day resulted in pulmonary 
emphysema and fibrosi^ These two conditions, however, were much 
more severe exposed to mixtures that included radon 

daughters and djanm^ore dust. Two nasal carcinomas were found 
in the dogs expcjfeeafft^ol'e dust and radon daughters, and one in the 
group exposed ta.ii&a^wo agents plus smoke. There were none in 
the other two these studies, cigarette smoke appeared to 

be protective. 

In an extensive series of experiments in France, cigarette smoke 
was inhaled by rats, either before or after a series of radon daughter 
inhalations (Chameaud et al- 1980, 1981, 1982). The cigarette smoke 
alone did not produce lung cancers at the levels used. When the 
smoke was given in the weeks preceding radon daughter inhalation, 
it had no effect; when the exposure to smoke was delayed until after 
radon daughter exposure was completed, or given during radon 
daughter exposure, significantly higher numbers of lung cancers 
were observed. These features were considered to be characteristic of 
cancer promotion by cigarette smoke, although the terms "cocarcino¬ 
genesis" and "synergism" were at times applied by the researchers. 
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i Interactions of Radiation and Chemical Carcinogens 

J A number of experiments tested the interaction of radiation and 
5 chemical carcinogens- Some of these chemicals are constituents of 
cigarette smoke or are chemically related to such constituents. 
Although most carcinogens can also act as cancer-promoting agents, 
in these experiments the additional tumor promoters in cigarette 
^ smoke were absent, making them less pertinent to the topic of 
^radiation and cigaiSfct^. smpke interaction than the experiments 
reviewed in the section. With this in mind, they are 

summarized below. p^nzo(a]pyrene (BaP) and polonium 210 (Po-210) 
isyvere injected intratrecheally in hamsters (McGandy et al. 1974; 


<fLltlle and OToole Syw|tjLfttle et al. 1978). When given simulta- 
spneously, tumors app»£aiSlir%arUer, but the effects were additive. 

i When BaP was givM^I.^ 5 months after radiation, the effects 
^appeared to be syne^gts^^Gut because effects were small when BaP 
was given first and ISSSsiljections had nearly the same effect, the 
BaP action was con^jdgrejJ^ ** m °6tly tumor promotion. A similar 
i^st-udy with intratraprreilPfSStillations of BaP and plutonium oxide 
fruOi) w^jiy e in tfltalltyty ivier et al. 1984) and was considered to 
*Hshow syiiitrgistn, Botn'inUtJ^nd Po-2l0emil alpha particles. 

BaP uiSsNS^th 15(^^^itgens of whole body x ray on mouse fetuses 
resultedi.ja.astpre tu^Fjyjgf|all types) than was obtained with x ray 
alone, but fewer than was obtained with the BaP alone (Urso and 
Gengozian 1982). 

^ Dimethylbenz(a]antit*iw;ehe (DMBA) and 0.8 MeV electrons were 
^ administrated to ratste^PSrf 28 days of age (Bums and Albert 1984). 

Multistage analysissff-the'-ifiteraction suggests the existence of two 
\ dose-dependent sta^es^for-.single doses of radiation and multiple 
" doses oT DMBA. and also t^iat prolongation of the radiation dose 
s| either adds four preslggsgbtj^ non-dose-dependent stages or stimulates 
cl clonal growth of an early stage cell. 

Rats were given then treated with 5-6 benzoflavone, 

! | methylcholanthrenel^A); or phenobarbital (Queval et al. 1979). 
5* MCA is a carcinoge§f?wl%iither two are not. Phenobarbital had no 
^ effect. With both benzoflavone and MCA the number of tumors was 
«; doubled. The latent period was greatly shortened with benzoflavone, 
but only slightly with MCA. Benzoflavone suppresses tumor devclop- 
§| ment when used with BaP. 

„ When rat fetuses were exposed to x ray and the mothers were 
% injected with ethylnitrosourea (ENU) 4 days later, as adults the rats 
^Mszveloped fewer neurogenic tumors than with ENU alone. This 
reduction in tumors was not due to on increased mortality rate of the 
felally exposed animals (Kalter et al. 1980). 

The administration of 1.25 gray (Gy) whole body x ray followed by 
injection of ENU was used to induce nervous system tumors 
(Knowles 1982). The incidence of these tumors was consistently and 
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significantly higher in the group given ENU alone than in any of the 
irradiated groups. The histology of tumors in all groups resembled 
those induced by ENU. 

When mice were irradiated in utero (36 rad i ray) and then given 
urethane at 21 days of age, the yield of lung tumors was enhanced 
over urethane alone (Nomura 1984), X ray alone yielded no tumors. 
The x-ray effect was seen during the first 14 days of gestation, but 
not during thb^ater fetal or neonatal stages. 

Intraperitone^pj^Ucation of tetradecanoylphorboi acetate (TPA) 
(a strong tuitf&t-pronioting agent) had no influence on the incidence 
of malignant.-lymphomas following four doses of 1.7 Gy of x ray 
(Brandner et kl';"P84). 

When betapSiiiki& from phosphorus 32 were used with TPA and 
high fat, high protey* diets as potential tumor-promoting agents, no 
evidence of tijjw^firomotkm was found on liver cell transformation 
(Berry et at. 

Studies 

Its of the animal studies indicate that the 
adiation and cigarette smoke, or its ccropo- 
ho interaction to protection, promotion, and 
several features common to many of the 
|garette smoke or BaP is administered before 
little or no interaction with respect to tumors, 
several months after the radiation, the interac- 
ition, as a general rule, tumors appear earlier 
in animals wifwmeigtftietie smoke is used. In some of the experiments, 
the early appiea«WK^ of cancers caused investigators to apply the 
word "synergism" to |he interaction, but further followup plus the 
production of^S^SS^no cancers by the smoke or CSC alone, usually 
led the investigators tp conclude that the interaction was mainly one 
of cancer pro$^lpS§>i|7hameaud et al. 1981; McGregor and Meyers 
1982). Some o(Ahd .experiments with cigarette smoke components led 
to the same pWwiefwSon (Little et al. 1978). This conclusion is 
buttressed by the observation that the cancer-promoting activity of 
cigarette smoke is greater than its initiating activity (Bock. 1968. 
1972; Van Duuren et al. 1971; Wynder 1983) Cancer promoters 
sometimes increase the yield of cancers in animal experiments by 
simply speeding up the appearance of the tumors. Nonspecific injury 
sometimes promotes radiation-induced tumors. 



experiments, 
the radiation 
When adminis 
lion is greater 



Polonium 210 in Cigarette Smoke 

Lead 2l0, which has a 22 year half life, is widely deposited on plant 
foliage as a result of radon and radon daughter decay in the 
atmosphere It decays slowly to Po-210, which emits alpha particles 
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that are more dangerous than the beta particles emitted by lead 210. 
Appreciable amounts of these two radioisotopes are found in tobacco 
and in tobacco smoke, and may contribute to the cancer potential of 
cigarette smoke (Radford and Hunt 1964; Kolb et al. 1966; Stahlho- 
fen 1968; Black and Bretthauer 1968). A major fraction of the 
inhaled Po-210 was shown to be absorbed from the lung directly into 
the b!oodstr ea miiQLitlle and McGandy 1968). Intratracheal instilla¬ 
tion of Po-210 into of hamsters resulted in cancer at levels 

as low as 15 rad (pltTfl etr al. 1978). Calculations of the radiation dose 
from the Po-210 cignpettes have been made repeatedly. Doses to 
small portions of thesbrobchial epithelium were found in man to be 
hen et at, 1980). 8 rem per year (Steinfeld 
|ad per lifetime (Martell 1983). Average 
ttl epithelium, however, are much les3 than 
hich are administered to very small selected 
considerable debate as to how much the 
to the lung cancer that results 


about 1 rad per 
1980), and 80 to 
exposures to the 
these calculated 
spots. There had 
radiation from 



from smoking, ranging frpm no effect (Hickey and Clelland 1982) to 
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middlazcaiind—< 

its careitiogenici 
contribute (Radfoi 
To the extent ti 
its effect would be 
short half-life ra< 






er 1982; Ravenholt 1982; Martell 1983; 
1983). The consensus appears to reflect a 
adiation in cigarette stroke contributes to 
hat the chemical agents in smoke also 
ross 1984). 

0 in cigarette smoke induces lung cancer, 
to be directly additive to the effect of the 
.ugihters. To the extent that chemical agents 
cancer initiators or as promoters), an 
ted to occur. Both the animal data and the 


are involved (ei| 
interaction mighfbe exp 
human data rev^jps^||ftdicate at least some interaction, which 
therefore reflects) action by the chemical constituents of cigarette 
smoke. particular^SS^^^noters. 



Hypothesis That'-Reconciles Discrepancies in Epidemiological 
Data 

A hypothesis that could reconcile the discrepancies in the epidemi¬ 
ologic data has been presented (Archer 1985). Alpha radiation dose 
from radon daughters may induce a finite number of lung cancers in 
an irradiated group, with most of these cancers being expressed. In 
|he absence of cigarette smoking, these cancers could have a longer 
latent period and may or may not be fully expressed among the 
population, depending on the force of competing causes of death 
among the older members of the population and the presence or 

absence of promoting agents. In the presence of continuing exposure 
to cigarette smoke, those radiation-induced cancers could appear at 
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an earlier date following exposure (and at younger ages) than among 
groups not exposed to cigarette smoke 

The lung cancers that would normally be induced by cigarette 
smoke would still be present, and added to those induced by 
radiation in a mining population. Thus, on a lifetime basis, there 
would appear to be an additive effect (radiation plus smoking), plus 
perhaps a few extra cancers that would not have been expressed if 
the latent period, had .not been shortened by smoking. The earlier 
appearance of^ca^ii^ among smokers would give an appearance of 
synergism in spfdies conducted within 20 or 30 years after the start 
of exposure. 

This hypoth^j&lsbfcst understood by examining Figure 3. In this 
hypothetical gjiffWWTs assumed that an equal number of smoking 
and nonamokinggjpip^i’s of the same age are exposed at age 30 to the 
same amount daughters. The resultant curves of lung 

cancer ineiden|iiwif§|> the distribution in time of the appearance of 
the induced ca&gns^he shape of the curves might vary somewhat 
from the eurv^'TOf plbple who are first exposed at older ages. It is 
evi^||^rom ^M w ajjfl rves that investigators who examine lung 
caJjaer rportalif jrid atalat different points in time after the subjects 
hadTJ%cin min^^ouid obtain data indicating synergism (at 40 to 60 
■yiia^SSfcge), 0§£$|||$|Uy (at 60 to 70 years of age), or protectiveness 
(at 70 or mor{ years ,of age). The "synergism” noted in the U.S. 
uranium (mean age at death was 65 years for 

nonsmokers) woufiTj^is be explained (Saccomanno et al. 1967), as 
would the "prq$$$Hor)y found in one of the Swedish studies (mean 
age at death was ^ears for nonsmokers) (Axelson and Sundell 
1978). The , 'adifTfive'‘‘"^ffect noted by another Swedish study (mean 
age at death was SS Jkcars) with deaths collected over a 26-year 
period (RadfonF)lh^ferafd 1954) would also be explained. The long 
data-gathcring!^|jg^fesulted in n collection of deaths from young 
as well as aged miners; The short collection period used in another 
Swedish study f^|^^^|and Larsson 19821 (mean age at death was 69 
years), interpreted as "synergism," may have resulted from a biased 
sampling of deaths because they were from a 5-year period only, or 
were from the entry into mining at different times or ages by 
smokers and nonsmokers. 

A mortality analysis of radon daughter-exposed miners within 25 
years after they started mining would, according to the hypothesis, 
give an early impression of synergism, just as early observations in 
two of the animal studies did (Suntzeff et al. 1959; McGandy et al. 
1974). even though lifetime studies would indicate otherwise. 

According to some experts, even if the final incidence of lung 
cancer in smoking and nonsmoking irradiated individuals were the 
same, the net effect could be regarded as synergistic; this is because 
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\ smoking shortens the tumor-free life of those who develop cancer 
(UN Sci. Cotnro. 1932). 

^gj Interaction of Radiation and Cigarette Smoke on Other 
t Aspects of the Respiratory Tract 

^4 Larynx and Nagal Sinuses 

The attachment dfeasqlon daughters to dust particles that are 
^ deposited in the afiphiys (along with unattached ions) of animals and 
man means that'jjje upper respiratory tract and bronchi receive 


higher total doses 
Excess cancers o' 
CTichy and JantSch 
associated with ci| 
agents on the la 
has been atlribu 
the paranasal sin 
^(Rowland et al. 1 
sin use&jMtK not 
tions. The..,nasaJ a 
may blnSnicientl 


radiation than any other part of the body. 

have been reported in uranium miners 
197.3). Although this cancer site has been 
oking, the possible interaction of the two 
iOt been evaluated. Cancer of the sinuses 
e radon and radon daughters that collect in 
pie with elevated radium body burdens 
ffienker and Harris 1979) Cancer of these 
ibuted to cigarette smoke in U.S, popula- 
phatyngeal and tracheal epithelium in man 
k and covered by enough protective mucus so 
|-om radon daughters rarely penetrate to 
those cells where permanent injury can result (presumably the basal 
germinal layer), T§|li«8$|epithelium of the hronchial subdivisions 
apparently may not pftg^Je similar protection. 

Pulmonary Fund 

Epidemiologic 
function of uraniu 
1964; Archer, BrinjS 
al. 1984). The lc 
greatly elevated miff 
nary disease (Arch|||g||g|§|976; Archer 1980; Waxweiler et al. 1981). 
In these analyses several diseases were grouped together—cor 
pulmonale, silicosis, pulmonary fibrosis, chronic obstructive lung 
disease, emphysema, and related diagnoses—because diagnostic 
criteria for them are known to vary greatly between physicians 
They usually reflect injury by inhaled toxic agents. Uranium miners 
were also exposed to a third toxic agent, silica (alpha quarta), in ore 
Just as well as to radon daughters and cigarette smoke. 

Uranium ore dust and tobacco smoke, as well as radiation, 
undoubtedly contribute to the nonmalignant pulmonary problems of 
uranium miners. Doth human studies and animal studies have 
indicated that radiation contributes to the lung pathology and 
functional loss (Archer, Brinton et at. 1964; Cross et at. 1978; Cross, 
Filipy et al. 1981; Cross. Palmer et al. 1981). Very few of the uranium 
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avc demonstrated that the pulmonary 
is compromised (Archer, Carroll et a!. 
. 1964; Trapp et al. 1970; Samel. Young et 
onary function is followed in time by 
ift£y ! |rates from or with nonmalignant pulmo- 
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miners disabled by shortness of breath had typical silicotic nodules 
on x. ray and were therefore unable to obtain workmen's compensa¬ 
tion for silicosis- Neither the relative roles nor the interactions of 
these three agents (radon daughters, cigarette smoke, silica) in these 
conditions is well characterized. 

The pathology of radiation pneumonitis after larger acute radia¬ 
tion doses is well known (Gross 1981). Following irradiation at high 
doses, there ii> death of some of the epithelial and endothelial cells 
within 3 to |yj®paK0$s, resulting in increased capillary permeability 
and leakageiim plasma proteins into the alveolar surface. Within 1 to 
3 years, th^pneuiSepnitis is followed by a fibroLie reaction, which 
ling of the radiation pneumonitis, but has the 
functional capacity and compliance of the lung, 
chronic doses of alpha radiation, as occurs in 
u^ch changes have not been reported, but tome 
implied by the aforementioned epidemiologic 
r energy transfer of alpha radiation leads to 
r injury and repair after chronic low doses of 
slowly lead to fibrotie changes. The injury 
owever, that fibrosis would be detectible only 
Loss of pulmonary function, fibrosis, and other 
rved in the lungs of rats, hamsters, and dogs 
radon daughters, cigarette smoke or diesel 
exhaust, ar.d:§)£jgsjbih ore dust (Gaven et al. 1977; Stuart et at. 1977, 
1978; Wehner'et-'al;i979; Cross, Palmer et al. 1981; Cross. Filipy et 
al, 1981; Crosjy0i|8?^982; NCRP 1984b). Although these experiments 
were not dcSSgywd^ 0 evaluate the degree of interaction of the 
different agespU*4A™was clear that the fibrotie and other pathologic 
changes were much [pore severe when the animals were exposed to 


may repres ent,; 
effect of redi 
After rela 
uranium miiie 
fibrotie cha 
studies, Theihi 
the belief 
al__ 

5 be so 
(Many 
hav| 

chronically expos' 


two or three 
agent. 

The relati 
function eff< 
uranium mi 



gents together than when exposed to a single 

adon daughter exposures at which pulmonary 
ibly due to radiation) have been found in 
et. Young et al. 1984) suggest that there may 


be no threshold for such effects 


Research Recommendations 

l.The possibility lhat alpha radiation from background radon 
daughters in homes may contribute to lung cancer in human 
populations (Axelson 1983; NCRP 1984a. b; Harley 1984; 
Radford and Renard 1984) and the interaction or both active 
and involuntary tobacco smoking on this possible effect of 
radon daughters need further investigation. They may have 
important implications for the ventilation of homes and for the 
effects of involuntary smoking. 
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2. The influence of tumor-promoting agents on radiation-induced 
cancers has not been adequately explored. F'urther animal 
studies of this interaction are indicated. 


r- 


Summary and Conclusions 

1. There is ansfo£eractian between radon daughters and cigarette 
smoke expos^jj^SIthe production of lung cancer in both man 
and anirnal#The nature of this interaction is not entirely clear 
because of tftS^copi^icting results in both epidemiological and 
animal stud*.* 

tyeen radon daughters and cigarette smoke 
||ist of two parts. The first is an additive 
f of cancers induced by the two agents. The 
Bning effect of the tumor promoters in 
the appearance of cancers induced by 
. the induction-latent period is shorter among 
nokers and the resultant cancers are 
le differently between smokers and nensmok- 
in smokers. 


. The interaction 
exposures 
effect on th 
second is I 
cigarette s 
radiation, sd thh 
$rs th 
Suled i 
?peari 
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Introduction 

Cigarette smoking by employees results in increased expenses for 
fS ' employers. Smokers use the health care system up to 50 percent 
^ more than nonsmokers (Fielding 1984); this means higher health 
insurance costs for companies. Studies have reported higher rates of 
work-related accidents, disability reimbursement payments, and 
absenteeism aruong^mployees who smoke than among those who do 
not (Terry 1971). Although it is difficult to assess exact dollar 
■: amounts because engine variety of circumstances and assumptions 
involved (Warner 1§J53), estimates of excess annual costs to eroploy- 


rs per smoking errplojtee generally run from $200 to $500 (Luce and 


| Schweitzer 1978; pi$| 
among employees Id the 
Report ore likely 
’ estimates. 

These data, as $ell as ^consideration for the welfare of their 
^employees, have led : ft St^ber of businesses to establish workplace 
liihtiainoking prograrni| Because of the magnitude of the health 
^ effects ^sefiHa&lung bene fits of cessation, smoking cessation 

g: progran^i^ likel yjggjji yield a higher return on investment than 
work^t^^^th programs targeting other risk factors 

, such Ss’obesity ant^lS33i®6t|exercise (Fielding 1984). Surveys reveal 
* that 11 to 15 American businesses provide smoking 

■ reduction programs'ang many more are considering such programs 
\ (Dartnell Inst. 1977; 1980). In response to the recommenda- 

^ tions of a panel of ejgSirto.fi$nceroing priorities for health promotion 
activities, the Hea^J^urance Association of America has estab- 
$■' lished a smoking reductionprogram that is available to its members 
| (Fielding 1964). Fro|rteg|H||$ird to one-half of the large organizations 
I have designated no4'mo'king areas (Dartnell Inst. 1977; NICSH 1980). 

A great variety opi^^^e smoking-modification approaches have 
been devised, inclining monetary incentives and contests for not 
0 smoking. distributi^Wisif-help materials, physician messages and 
^ health education lectures on the adverse ellects of smoking, and 
gjj stop-smoking clinics (Chesney and Feucrstein 1979; Danaher 1980; 

Klesges and Glasgow 1985; Orleans and Shipley 1982). Stop- 3 moking 
^ sessions have been led by coworkers, volunteers from health 
organizations, commercial cessation consultants, and health profes- 
^ sipnais. Ongoing multiple risk factor intervention programs, either 
the entire workforce or for individuals at especially high risk of 
developing cardiovascular disease, have been offered. The purpose of 
this chapter is to critically review the literature on such programs. 
First, however, it is helpful to consider both the potential advantages 
and the possible disadvantages of worksite smoking modification 
programs versus the more traditional, clinic-based programs. 


1982), Coats attributable to smoking 
high risk occupations discussed in this 
ttnsiderabty higher than these overall 
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The potential advantages of worksite-based Bmoking modification 
programs can be considered from the perspective of employees, 
employers, and public health researchers. For employees, the 
primary potential advantages appear to be increased convenience 
(particularly if the program is held during work hours), reduced 
expenditure if the company payB all or part of the program fee, and 
the opportunity to participate with friends and coworkers rather 
than a group df-^trangera. For the employer, potential benefits 
include increased woritfcj productivity, better employee morale, and 
better employeepM'di public relations from health promotion efforts. 
The potential monetary savings from reduced absenteeism and 
medical costs are also appealing. 

For public hewwWfiSKierchers, worksite programs offer the advan¬ 
tages of a muchss^rg.^ number (and possibly different types) of 
smokers involve^u^frorts to quit than would otherwise be the case, 
greater ease in pj&lijiikSliif long-term followup data, and the opportu¬ 
nity to provide sustained or ongoing programs rather than one-time 
offerings. In w®iiip®«§>rograms, treatment is conducted in the 
envirtmpjgnt in jwh&JyBartieLpants spend a large portion of their 
day.wRreh 6hou«FracTrreate generalization of treatment effects and 
pote^^y lead gSHSfee establishment of nonsmoking norms. Possibly 
th# grebest pot^^^^^ource available in worksite programs from 
all three perspectives'ey the additional incentive and motivational 
components tha||jjg$5b$;|iraughc to bear through both monetary and 
social support manipulations. 

It is importanttapfesfize. however, that these potential benefits do 
not occur auton&tteirttytfKlesges and Glasgow 1985). and that they 
may be offset jsby*~possible disadvantages of worksite smoking 
modification pregrams ^rom an employee perspective, participation 
may interfere wpSliSi^activitics or be outwardly condoned, but not 
supported, by a^u^rr,Uor. Meetings may be held at inconvenient 
times or in incon^bWS'ftt locations. If promotional activities are not 
handled appro(d^a|*^workers may feel coerced to participate. 
From an employer^perspective, there are the direct costs of the 
program, such as advertising, counselor time, and materials, as well 
as indirect costs, such as time off work for employees to participate. 
Sponsoring an antismoking program can also create employee 
relations problems Nonsmoking employees may resent the time off 
work available to smokers and may demand that their own 
participation in health promotion programs be subsidized. The 
critical issue here may be company norms, whether time off is 
consistent with previous company practice regarding other programs 
for employee benefit. In organizations in which workers are exposed 
to hazardous substances such as asbestos, unions may view smoking 
cessation programs as attempts by management to absolve them- 
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selves of responsibility for occupationally related disabilities (Ellis 

1980). 

There are also problems from the perspective of public health 
researchers in conducting programs in the workplace. Most of these 
potential disadvantages result from a reduced degree of control over 
variables that can influence outcome. For example, company pro¬ 
gram planners (organizational steering committee) might decide to 
conduct additional : Sbap-srapking activities (eg., changes in company 
smoking policies, ad.dgd ; 'mbentives for not smoking, participation in 
other health promotion activities, a contest with a rival business) 
. that are not part o§*he stSfiy design. Finally, some participants may 
take part solely as|a Sliviaf getting out of work rather than from 3 
desire to change thjmttmgng behavior. 


Criteria for Evaluawt» ^-.'>ia rkalto Programs 
The criteria for evaluating program effects are considered under 


three general head 
Effects oij smokingi 
the or^mtation, ai 
variabSsPS^eoncei 



f; «Hsange3 in participant*' smoking behavior, 

K th-related variables for all employees in 
dary" effects of a program on nonhealth 
employers. Most reports on worksite-based 
aorf two of these areas. 


Changes in Smoking Behavior 

The same consider a that apply to the measurement of adult 

smoking behavior ^tpeuniq settings apply also to worksite smoking 
modification progriame. 'S'peci fi oa. t i o n of reported smoking data is 
particularly importa'nt'i' v Following a program, there is often a 
bimodal distribution of srobking rate, with a number of individuals 
successfully quittinpSroPmany nonquittens smoking at close to their 
baseline rate. Presj|g|f*fcyw^of reductions in the "average" number of 
cigarettes smokedhta.d'tn&refore be misleading. It is important to 
separate data aboiu^ittjjgicts who are abstinent from data about 
those who are stilltsmoking, albeit at a reduced rate, when reporting 
either reductions in smoking behavior or biochemical indices of 
smoking exposure. 

It is critical, of course, to have information about the long-term (6 
to 12 months minimum) effects of smoking modification programs 
(Lichtenstein and Brown 1982; McFall 1978). Interest in research in 
ihe "dynamics of cessation and relapse" is much more recent (US 
IjHHS 1983, p. 246; Ockene et at. 1982). It is helpful to know, for 
example, whether a 30 percent long-term abstinence cate resulted 
from the same 30 percent of participants remaining abstinent 
throughout the followup period or from 10 percent new quitters, 10 
percent previous relapsers, and' 10 percent who remained abstinent 
throughout the assessment periods. 
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Objective verification of changes in Brooking behavior has become 
the standard for defining smoking behavior. Recent reviews have 
been conducted of several biochemical measures of smoking status. 
Including carbon monoxide, saliva thiocyanate, and cotinine (Freder- 
iksen and Martin 1979; Leupker et al. 1981; Benowitz 1983; Bliss and 
O'Connell 1984). Simply having an informant, usually a spouse or 
coworker, "cdafirm" a participant’s smoking status may not be 
sufficient corrob^jr^on. Such people are not in a position to 
continuously {p&drve a participant’s smoking behavior throughout 
the day and ,£fjay -bf persuaded to falsify their report on the 
participant’s sifneri^-ng behavior. 

Worksitewide Program Effects 

The impact |n^lrjcsite program may include effects on workers 
other than thi!j^j#$£&lled in the program and effects other than 
smoking cessation. The localized nature of a worksite program and 
the repetitive ^(IJlipsStipns of workers in the program with those who 
did not participake j|iay produce changes in the attitudes and 
workforce that promote smoking cessation 
yee morale and productivity. For these reasons, 
evaluating worksite programs should be the 
ree whose smoking behavior is altered in 
of the participants who quit. AJl of these 
evaluating the reported success rate of a 
high cessation rate for a program may have 
iC^nly small numbers of employees are willing 
. . . anzlef et al. 1976). Whenever possible, program 

costs should be Reported;in addition to data on the effects on smoking 
patterns of no^partmtJating smokers. In the same vein, ongoing 
■worksite progral^wnducted over a number of years should attempt 
to document of a smoking modification .program on 

variables such hs^spisenteeism, medical care expenses, and health 
services utilizatij 


General Effects 

Variables auch as employee morale and productivity, commitment 
to the organization, turnover, and employee-employer relations are 
important potential secondary effects of a worksite program. Be¬ 
cause these issues do not directly concern the topic of smoking and 
health and have been infrequently assessed, they are not considered 
in this review. It should be noted, however, that Brownell (1985) 
makes a convincing case that if the field of worksite health 
promotion is to prosper, concerted attention needs to be directed 
toward demonstrating the effects of worksite programs on these 
organization management issues He argues that managers may be 
more interested in such results than in changes in health status 
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' ^General Review ol Worksite Programs 

A large number of worksite smoking control programs have been. 


conducted. Unfortunately, only a small percentage of these programs 
.have been evaluated. The characteristics and results of experimental 
^investigations of occupational smoking control programs that have 
presented more than anecdotal data are outlined in Tables 1 through 
|§3. Many of these studies have consisted of preteat-poettest or past¬ 
ies t-only evaluations 'w.jjjjput control conditions and have not 
^reported objective pgjj&slbrlis to validate self-reports of smoking 
status. The sample she, tyjve of worksite setting, and reported results 



such uncontrol 

Absence of 

||P f status. and the getiers 
^procedures and trea 
'host of alternative el 
only briefly summer 


fjj^icon trolled Stui 
Althoi^i^progra 




are listed in Table 1. Because of the 
ions, the lack of verification of smoking 
rsity of information about program 
ectiveness in these reports, there are a 
ns of their results. Therefore, they are 


n conducted in a variety of worksite 


settings 

M 

joffered only to super 
lenerally small, 
trolled studies rang 
\posttreatment and froj 
''month or 1-year folli ! “ 



1), majority have been either conducted in 
" ‘ " J _ ate size with white-collar employees or 
rsonncl. The number of participants is 
abstinence rates for these uncon- 
to 90 percent (median, 60 percent) at 
91 percent (median. 33 percent) at 6- 
ese figures, while encouraging, must be 
interpreted with ca^yojjJiecause it is often unclear whether the 
reported rates have Excluded subjects who dropped out of treatment 
or followup, and becj&wsg^gg&everal studies, subjects received sizable 
monetary rewards Iptseratipori reports of abstinence that were not 
corroborated by obje^^^^^sures of smoking. 

Not known is th^ in^pac^ of the programs listed in Table 1 on 
overall rates of srb«iSiwi^%i the worksites in which they were 
conducted (see Bishop and Fisher 1984). The majority of investiga¬ 
tions do not report rates of participation in their programs, but the 
studies that have reported {other than in very small companies as 
noted below) have been discouraging. For example, Kanzler and 
colleagues (1976) found that despite an intensive promotional 
campaign, only 4 percent of smokers in their workplace began the 
n program. Grove and colleagues (1979) found that of 409 
smokers in their worksite, only 101 attended the first meeting, and 
only 33 (fi percent of the smokers in the workforce) completed 
treatment. Of these 33 subjects, only 9 were abstinent at 6-month 
followup. Stachnik and Stoffelmayr (1981), noting these generally 
low participation rates, stated: "The question of how one can 
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TABLE 1.—Uncontrolled studies without objective 
or smoking status 


s<udr 


Number of lubtecU, 
type of wwfcait* 


Ccwotsoo rstc 


Pdottreotment 


Andf*wi (19&3) 

R*u«* (197®) 



965 koapiul employee* 
I) Sell L*Uormt<ane« 

WN»*or«« 

cmpJcy'M* U» 
itch <d s*» eonptokci 


eomfkwif impl fryer* 

|? ambulanor company 


heokh tenner* 
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JO 

15-60 



Si43 

02) 


'*1$ VA bat (a til 
{rvployre* tnd 2 palknt* 

« 

50 (6) 

Aiibftui axnp*/iy 
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jo e«) 

|7 Blu* Crcn employe** 

» 

rr (6j 

J6 TKomal Liptan. trv; 

Not reported 

w n> 

9 pt/chiaLrx iiutildt* 

67 

♦0 (12) 

21 

unity iMmbrn 



IjU tntint MA\lfKlur\A( 

Nat reported 

56 (121 


5J U2) 
(»t wt>rk) 


i£6 electronic] mlg 

Not reported 

35 lA*) 

jomp^ny emplayr« 


{al work) 

66 Riviera MoLqo> 

Not reported 

31 <t2l 

players 



^ftmplcyer* m three 

Not reported 

ao-9i 

^OfTip*ji«d. bunk. 


(61 

'manufacturer, ■ "id 





increase participation in smoking cessation programs should receive 
the same attention that the more standard question of which 
cessation technique is most effective has received in the past" (p. 49). 
The exceptions to these low participation rates are seen in studies in 
the companies with fewer than 100 employees that have employed 
incentive procedures (eg, Rosen and Lichtenstein 1977, Socman 
1979; Shepard 1980; Stachnik and Stoffelmayr 1983), 
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Controlled Studies 


».r 


Studies that have included control or comparison conditions are 
presented in Tables 2 and 3*. To emphasize the importance of 
worksite and participant characteristics, these characteristics as 
well as data on the public health issues of recruitment strategies 
employed and on the participation and attrition rates experienced 
are listed in Table 2. The type of intervention and experimental 
design employcc^ short- and long-term cessation rates, and type of 
i f smoking status obtained, if any, are 
this section, a general discussion of the 
king modification literature with emphasis 
he most successful programs is followed by 
discussion of several important subtopics 
smoking modification field—the role of 
assistance, incentive approaches, employ- 
k for the development of cardiovascular or 
iple risk factor reduction programs, and 
tics that affect program success. 


biochemical vallda 
described in Tali 
status of the worksite s 
on the 

a more detailed 
within the occupational 
social support, p 
ees at particular! 
respiratory disease, mu 
organizational cl 


The varied programs conducted have ranged in intensity from a 
e g, Li et al. 1984) to ongoing programs 
pohents over a 4- to 5-year period (e g.. Rose ec 
rapis have offered participants a variety of 
n particular, 7 of the 14 studies outlined in 
ubjects to select as goals either smoking 


involihgg.multipfi 
al. 138C5. necen 
be^4t^h%6ange 
Tables ?. and 3 
reduction or absti 
The mostencoura; 
the programs re 
tion rates do notla 



community-basec*smo ting clinics, the longer term followup data are 


more positive if 
outcome. Abatin' 
approximately 
contrast to the 
programs (Hunt 



nding is that the long-term success rates of 
e relatively high. Although initial cessa- 
sr to differ from those typically produced by 


a percentage of posttreatment cessation 
at 6 to 24 months after a program are 
rcent of those observed at posttest, in 
5 30^percent figures classically cited for clinic 
lec 1974: McFall 1978). In fact, the lowest 
maintenance rate in the studies summarized in Tables 1 and 3 was 
26 percent of the posttest rate, and some studies report followup 
results equal to or better than posttest (e g., Malottet aJ. 1984; Meyer 
and Henderson 1974; Schlegel et al. 1983). On the other hand, much 
higher long-term abstinence rates. 50 percent or better of all 
subjects, have recently been reported from a number of treatment 
[(programs (US DHHS 1982), and results from the 22center Multiple 

*StkLarr and eoUcAguea at Bahimort City Meapiuls K«*t r*ndvcurd « <*f kv4>o ■w'*U> hanp'Vni totple/m 

to iavMti|*t* tK» rff«u ad >aikhi{ monfury manit'* »nt upon rrej jclwc* in 

llUbd tl and BtgCkvw M jn ■ TVw MudtC* brrn fKfrVj*w th* tAbiem 

Wcium lH* partMTUJwnlj not ash pd ta produc* ion# term ctiange* i« trier *«io*urur S»rri*w»Ae. but tu»4 mAtMy 

Wr» p«jd \a b*#\wip*L* >a Ubor*u>ry r«vc«r<h Only ih* Rap 4 fr-sup 11%4l h*< •iww.paevt up pro<4uo* 

Cxnp*«U tradm. it « "XluJrJ m Tablet 2 *c.d 1 
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Risk Factor Intervention Trial (MRFIT) study showed that long-term 
abstinence rates actually rose from 1-year to 6-year followup under 
both intervention and control conditions fUS DHHS 1983). These 
results again indicate the need to separate point prevalence of 
nonsmoking rates from continuous abstinence rates. Unfortunately, 
data are seldom presented in terms of survival curves (e.g., Curry et 
al., in press) or- ir, a manner that permits assessment of the 
consistency in sinok|ftg;$iUitus over time. 

These high ftp^Wup fates suggest that the worksite may offer 
more than a cortveruent location for cessation interventions, and 
that interactions' or'^ar|ges in attitudes or behaviors in the worksite 
may be importallfeljslliminants of the successful maintenance of 
abstinence. Although tfeere are several potential explanations for 
these relatively jlws^pfiaintehance data, the most obvious is the 
ongoing contact ^^|s^vorkers have with each other during the 
followup period.; Consistent with this hypothesis, the clinic-based 
smoking cessatio^^E^E|m in the MR FIT study, which produced one 
ji of the most impressi|e maintenance rates of any study (Hughes et al. 
!981;^®S3Sfene involved ongoing contact over several 

if w^gHkers are not highly supportive of each other, 
£onie fo provide no-smoking cues for other participants. 

that people involved in many of the 
here are both self-selected and self- 
w usual care or no-treatment conditions, 
tenance rates may be reflective of new 
any program, or even without one. 

This comparishn of clinic-based programs and worksite programs 
assumes that parCicipanbi in each setting arc similar, Although the 
demographic history characteristics of subjects in these 

reports do not apf&arw differ systematically from other studies in 
the cessation there may still be marked differences 

between the groups, ifor example, since worksite programs generally 
attract a higher pefttitijige of smokers than do community-based 
clinics, some of these subjects may be more recalcitrant smokers 
(Bishop and Fisher 19&4). The convenience of the worksite setting 
may also attract more smokers. On the other hand, it may be that 
only individuals who have repeatedly failed to quit on their own will 
expend the time, effort, and money often involved in participating in 
community clinics (Schachter 1982). To date, the primary determi- 
ant of participant characteristics in the controlled outcome studies 
'able 2) seems to be the type of worksite in which a program is 
conducted. Research is needed on the hypotheses concerning possible 
differences between participants in worksite programs and smokers 

attending community clinics. 

Several differences between studies reporting high success rates 
and those with less favorable results are clear. One of the more 


fcne 

years^f 

^4 INtpcrta . 

worksite 6tudiesj 

motivated, as th 

Some of the high 
quitters who wouj| 
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striking differences to emerge is that the results of the better 
controlled studies summarized in Table 3 (median posttest cessation 
rate, 28 to 31 percent) are generally lower than those of the 
uncontrolled studies outlined in Table 1 (median posttest cessation 
rate, 60 percent). The most obvious explanation for this finding is 
that most of the controlled studies included objective biochemical 
indices of treatment outcome and subjects in these studies may have 

-—^gpted their smoking status. 

smoking modification programming also appears 
treatment outcome. Programs involving only a brief 
dying primarily on self-help materials generally 
tion rates—from 4 to 14 percent long-term 
al. 1984; Nepps 1984). In contrast, the best 
came from an intensive multicomponent 
group meetings over a 7-month period 
ayr 1983). The only worksite study to directly 
els of program intensity found that a greater 
'was associated with higher cessation rates 



more accurate’ 
The inten: 

to be related 

session or 
produced th 
abstinence (e.gi. 
cessation ra 
program in 1 
(Stachnik an 
compare diffi 
number of 
el eta 




S'^i^her falify^coriiistent finding is that programs conducted in 
ii|S£^[eneraUy seem to produce poorer outcomes. Of the 
studies taking place in worksites with 
100 or Teweriempmyi|es (e.g.. Miller 1981; Shepard I960; Stachnik 
and $U>fieim4yt)I!i8$ seem to attain the highest abstinence rates, 
and the larger Sbsjfecbntrolled trials (e g., KorniUer. Draroaix et al. 
1980; Li et alg||i§tS; Rose et al. 1980) to result in much lower 
abstinence rJfesv~-Br$iop and Fisher (1984), who have conducted 
programs in of different sued worksites, concluded that 

larger worksites also;: typically produce lower participation rates 


than do smalli 
may still be sejryed 
Programs 
worksite sett] 
tended to be 


inies. However, a greater number of employees 



multiple risk factors (e g , Rose ct al. 1980) in 
Serally yielded poorer cessation rates (and 
in larger worksites) than did smoking- 
modificalion-only programs. Multiple risk factor programs may 
achieve greater overall reductions in morbidity and mortality 
because of their effects on other risk factors, however Finally, 
programs providing incentives for smoking abstinence (e g., Shepard 
1980; Stachnik and Sloffelmayr 1983) were among those with the 
more impressive outcomes, although not objectively verified. These 
findings are discussed in more detail in the section on incentives. 


Remaining Issues 

Few worksite studies hyve investigated participant characteristics 
associated with treatment outcome. The most consistent finding to 
emerge is that smokers of lower numbers of cigarettes have greater 
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success at quitting than do heavier smokers (e.g., Komitzer, Dramaix 
et al. 1980; Li et al- 1984; Rand et al. 1984). This finding is consistent 
with results of clinic-based programs (e.g., Ockene et al. 1982) and 
suggests that special attention needs to be devoted to ways to 
successfully treat heavy smokers. 

Relatively little is known about the long-term effects of the non- 
; abstinence-based smoking reduction programs under review (Tables 
2 and 3). AUowing^ubjspta to cho<»e the treatment goal of 
abstinence or of rqcj«e*<f'smoking may attract more participants, 
provide initial succlss experiences that can be built upon in later 
Cessation efforts, add; bendfst those subjects not able to achieve or 


: 5| : tnaintain abstinen^^^lhe other hand, such programs may 
“ dissuade subjects from pin^uing a goal of complete cessation and 
allow participants tt^agiti$$altz£ that smoking is not hurting them 
because they have fna®rc'hanges in smoking rate, topography, or 
cigarette brand. It the scope of this chapter to review the 

complex literature qn^wjtegtial compensation effects resulting from 
? c^anges in $mokin£%lh : affor (see McMorrow and Fox 1983; Moss 
imd Prua.La&h. It noted, however, that subjects selecting 

smoking^eduption goa'ls nave generally shown reliable, although not 
always $?fl^lreduc$w^ in carbon monoxide levels (e.g., Glasgow et 
al. 19SSl«i hybd 

There has been tniproveiinent in the research methodology em¬ 
ployed in worksite i|P§$f8| modification studies. The majority of 
studies conducted in tftt**gcent past have included both comparison 
conditions and biochag^^®* measures of smoking exposure. There are 
still, however, a niifnbe’r-tsf: methodological deficiencies in current 
^worksite studies. Comparison conditions do not usually include no- 
interventioti or usual care groups; differences among interventions 
are most commonly||ip$sieS. and randomization is not always used. 
Little is known about participation rates (only onc-third of the 
studies listed in Ta^^p-ifslbvide information an the percentage of 
smokers participatiqgjKyjaJja are seldom presented on effects of a 
program on all smdrofHnK^n organization, and no data have been 
^published on characteristics of employees who participate in work¬ 
er site programs versus those who do not Finally, there are so few data 
On the health benefits or cost effectiveness of specific programs that 
gthis information was not included in Table 3. Only the large-scale 
multiple risk factor reduction trials (Kornitzer, De Backer et al, 
^1980; Rose et al. 1980) have presented such data. 


Special Issues Relevant lo Worksite Programs 
Social Support 

One of the most frequently cited reasons for conducting smoking 
modification programs in occupational settings is the potential for 
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invoking peer and environmental support for nonsmoking (Cheaney 
and Feuerstein 1379; Stachnik and Stoffelmayr 1981). It has been 
argued that peer support has important, long-lasting efleets on the 
outcome of stop-smoking efforts (Janis 1983), and there have been 
several calls for increased study of the role of social support in 
smoking modification (K!esge6 and Glasgow 1985; Lichtenstein 1982; 
Stachnik and (Stoffelmayr 1981). There are alao correlational find¬ 
ings that 3ugges^||||g| importance of social support to successful 
smoking cessa§Sl^te.g), Coppotelli and Orleans, in press; Mermel- 
stein et al. 198-31. 

Given this bactegrouhd, it is surprising that a Large-scale correla¬ 
tional study ofie^hsSibnal settings by Caplan and colleagues (1976) 
found that the degre* of perceived support from coworkers was 
inversely related'^iyimbking status. Among workers with low levels 
of job stress, ^ 



current smokers, 
and smoking S 
However, Caplan 4nd 
env 


rs reported lower levels of support than 
was no relationship between Bocial support 
r people with high levels o' job stress, 
(leagues' measure of social support was not 
tion, and may have been more an index of 
th^^jjdoyee’s^^xpnsibility for supervising or otherwise interact- 
”**■' otheefwojksjje personnel. More recent studies by Malott 


und coTw)agues^i*PtF§ind by Glasgow and colleagues (in press) have 
found a complex re-latidnship between social support and outcome of 
worksite smoking r._-.ification programs. Using a measure that 
produced a score^^Joth supportive and nonaupportive (negative) 
social interact^^Jib^ae two studies found that the presence of 
6moking-relatej^ negative social interactions was inversely related to 
treatment success. Th^ presence of positive social support, which is 
more frequent^^^^^-get of social support interventions, was not 
related to outcome. 

Social supp<^^^^^|dures such as use of a buddy system and 
inclusion of nofisnfrkirjg coworkers or family members in treatment 
sessions have a variety of worksite programs (e.g., Bauer 

1978; Sorman 1979; Stachnik and Stoffelmayr 1983) Unfortunately, 
it is impossible to evaluate the contribution of social support in these 
studies because of the multitude of other intervention strategies also 
employed- In a review of studies on the effects of worksite incentive 
programs for smoking cessation, Shepard and Pearlman (in press) 
concluded that incentive programs that included spouses produced 
better outcomes than those that did not. 

The few worksite smoking studies that have attempted to experi¬ 
mentally manipulate the level of social support have produced 
discouraging results. Abrams and colleagues (1985) compared a 

social support/social skills training program including a buddy 

system with health education and cognitive-behavioral stress man¬ 
agement procedures as ways to improve the long-term effectiveness 
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of a nicotine-Jading cessation program. By the end of the program, 
subjects in the social support/skills condition had relapsed signifi¬ 
cantly more than subjects in the other conditions, and these 
differences persisted at followup. In addition, consumer satisfaction 
ratings revealed that subjects liked the social support/skills program 
less well than other options. Abrams and colleagues concluded on the 
basis of these findings that factors such as social support, theoretical¬ 
ly assumed to enhjpjice treatment, may actually reduce the effective¬ 
ness of a treatment program in some instances. 

MaJott and col^^ues (1984) evaluated the effects of adding a 
coworker support\gpmpQSjent to a multicomponent treatment pro¬ 
gram offering sucjecie the options of abstinence or controlled 
smoking. They foiffiy&aftjthc addition of coworker support did not 
improve treatment outcome on any dependent variable and that 


subjects found th 
than the basic tre; 
Malott group’s U' 
involved family o 
partner-support ir&n 
individvutira^uon 
to par&enyThe r( 

M alo t t%nd^co 11 ei 
supderPp^rara 



in with social support to be less credible 
ogr&m. A replication and extension of the 
y by Glasgow and colleagues (in press) 
nt-other social support and included a 
two group meetings for supportive others, 
procedures, and semi weekly phone calls 
ts oT this study were consistent with those of 
(1984): no incremental effects of the social 
from any dependent variable. 

Thus, in research conducted to date, the inclusion of existing social 
support procedur«sf^wi§®iKJt been found to enhance outcome in 
worksite smoking mod|||g$tion programs. This is not to say that 
social support is iwfpimportant to treatment success, but that the 
issue is more corripT'i'x'lTikii was initially believed. It may prove 
difficult to alter e^fSTttSgdevels of social support, and novel ways of 
enhancing coworkgr and family support for smoking modification 
need to be develo 


Physician Advic 
Because as man 


rcent of adults in our country visit their 
physician at least Once in a given year (US DHEW 1979), there has 
been growing interest in finding ways in which physicians can 
convince pacients to give up smoking (Ewart et at. 1983; Russell et al. 
1979). 

Some of the best data come from recent European clinical trials 
(Rose et al. 1980, 1982; Kornitzer, Dramaix et al. 1980). The Belgian 
earl Disease Prevention project (Kornitzer, Dramaix et al. 1980) 
&und that significantly more individuals at high risk for developing 
heart disease stopped smoking in an intervention condition empha¬ 
sizing semiannual physician messages than in a screening-only 
control condition (see Table 3). When comparing a representative 
sample of all intervention subjects (many of whom did not receive 
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the physician messages) with a similar sample of control subject*,j 
however, almost identical and fuidy low cessation rates werej 
observed in both conditions. 

The most intensive worksite physician-intervention program was \ 
evaluated in a similar study conducted by Rose and colleagues (1980). 
In this study, the 12 to 15 percent of subjects in the intervention 
condition who were at greatest risk for cardiovascular disease were 
provided fou^physician consultations, each approximately 15 min¬ 
utes in length.' ^j^fts were similar to the Belgian study in that a 
greater percentage of the high risk subjects stopped smoking in the _ 
intervention jgroup^an in the control condition (see Table 3). But 
considering |ll partfepants (many of whom did not receive the 
Intensive phA ftt&S&a iiessages]. there were no significant differences 
between conditions. J 

A series ofj8S^|gynysictan visits was also utilized in a carefully 
controlled sti>$yfe||a&§Rose and Hamilton (1978) of British civil 
servants at mgnrisK of cardiorespiratory disease. Although not 
occupational settings (and therefore not 
2 knd 3), 6ubjects for the study were recruited 
This study produced the highest cessation 
i s cian-advice study (self-reported abstinence rates of 
at 4 and 3 years, respectively). Over a third of 
:ll smoking pipes and cigars, however, and a 
relatively high percentage of “normal care" subjects also slopped 
smoking (10 atS^S^^Ic e tvt at 1 and 3 years, respectively). Although 
there were differenj^in favor of the intervention condition in rate 
of decline in i^wy obstruction and rates of phlegm production, 
there were no &!JTcren&es between conditions in absenteeism over a 
1-year period oNttwcv^I! mortality over a 7- to 10-year period. 

As these studies indicate, there are both advantages and disadvan¬ 
tages in using stop-smoking messages in worksite settings. 

One distinct advmitggfijs that if stop-smoking advice is incorporated 
into regularly *riis$f0;TC§ physician visits, a relatively large number 
of workers can^bfel^^ed and treated quickly and cost effectively 
(Lichtenstein aSif®u^aher 1978). Another advantage of the physi¬ 
cian model is that it Is relatively unobtrusive in comparison with 
management-sponsored programs (Dartsher 1980). Physician advice 
can also be used to augment other interventions rather than to 
replace them, by assisting workers in deciding to seek help and by 
promoting participation in intervention programs, therefore facili¬ 
tating better use of these programs. 

Although self-reported cessation rates resulting from physician 
advice are low in an absolute sense, research is underway to attempt 
to increase the impact of stop-smoking messages, Li and colleagues 
(1984). in a study conducted in a navy shipyard clinic, found that 
implementation of a 3- to 5-minute session of behavioral counseling 
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by staff physicians significantly increased cessation rates over those 
resulting from a simple warning to quit smoking (see Table 3). In 
addition, the compliance of health care providers with treatment 
protocols also affects outcome. For example, Li and colleagues (1984) 
reported gTeat difficulty in getting clinic physicians to consistently 
deliver a brief 3- to 5-minute message to patients, yet Ewart and 
colleagues (1983) found that providing physicians with regular 
performance feedback appears to improve the quality and quantity 
of atap-amokJafphiffiggges. Future research should identify proce¬ 
dures to iroprov£4fo<H3i the implementation and the outcome of 
physician stop-$fiioking advice. Perhaps a stop-smoking message in 
conjunction wit b'bthe/fhterveritionfl may increase success rates. 

Basic researchgnt^hftiaflecta of threatening communications such 
as those descri^t^^^ralth risks of smoking indicates that such 
messages have &gur .greatest impact if individuals know not only 
what to do sfcfp ;Sinoking) but how to do it, and believe 

themselves capahJ« o(:iaet.ing (Leventhal 1970). The recent approval 
of nicotine chew|n|^g'JiTt by the U.S. Food and Drug Administration 
and the uvailab®lSy|ifrt^igh quality s^lf-help stop-smoking manuals 
(e.g., Dsvij et alilSiyLnow present an opportunity for physicians to 
deiivwr^Pfcefllth Svarmiq^aecompanied by concrete recommendations 
tor v$$fjJg$o do a|j§§|iow to do it. Recent data suggest that nicotine 
du^v.^mj&dKum heavier or more addicted smokers in 

quitting fFagers^mTtlTO, 1984; Raw et al. 1980), and gum preecrip- 
tions can be writfe$|gg|g||e same time that a stop-smoking message is 
given. Only one srody^reviewed in this chapter has investigated the 
use of nicotine guB&$Si¥tteget et at, 1983). That study, which did not 
involve physicia^^Sirice^ found that the gum enhanced treatment 
outcome in self-hgjjkqppditions, but in the context of an intensive 17- 
session treatment progra'p, subjects receiving the gum actually had 
lower cessation subjects not receiving gum. Particularly 

in companies that”employ their own medical staff or in which 
employees are a|s^^4S|cause of occupational hazards, programs 
combining physician! stop-smoking advice with other intervention 
options should be^vjafukte j 

Incentives 

Recently there has been increased interest in the motivational 
factors associated with smoking behaviors (Shepard and Pearlman. 
in press: Brownell 1985). This section focuses on two recent 
approaches to increasing motivation: personal incentives and compe¬ 
tition among participants. 

Rosen and Lichtenstein (1977) published the first report on the 
effects of an employee incentive program for stopping smoking. Of 
the employees of a small ambulance company who smoked, 75 
elected to participate in a program that involved a 55 per month 
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bonus for not smoking at work—for atl employees regardless of their 
initial smoking status. At the end of the year, the owner also 
matched the total amount of bonuses received during the program. 
No other intervention techniques were used, and no stop-amoking 
meeting's were held. This study underscores the potential power of 
incentives to modify smoking behavior: at posttest, 56 percent of the 
pretest smokers reported no longer smoking at work. 

Sorman (197#Kreporfed on a program that combined personal 
incentives, a at aartw IShg program, social support low-calorie food 
alternatives, anjan&n exercise program. Of 202 employees, 65 enrolled 
in the program jjrwhtl^i each employee who quit smoking for 1 year 
received a $20Q?|wa|d. Thirty-one percent of the participants 
reported havinipttrclaSifuHy stopped smoking for the entire year. 
Shepard (1980) results from an ongoing incentive program 

involving weekly $ rfpaycheck bonuses to employees not smoking at 
work. After 4 years, only 20 percent of the employees 

reported srT10 ' t ’^ s 4^ s ^ ,e worksite compared with 67 percent at 
pretest. pssspsSi; 

Stitautand B jggbfly,.Ua 82, 1983, in press) have conducted a variety 
of tidies; that £8|femTyidemonstrate that contingent reinforcement 
for if'S^D-ions j^Niajrbon monoxide (CO) levals of expired breath 
sKBngfeBSgtjan pr - jr* rehable short-term reductions in CO levels in 
hired cigarette smokers. A recent study (Hand ct a!. 1984) investi¬ 
gated contingeri^^^^cement for smoking aAsrinence in 18 hospi¬ 
tal employees. MTk^A week of baseline smoking and a week-long 
"cutdown test," could earn $12 a day for 2 weeks if they 

totally abstainepfrom^moking and if their daily CO readings were 
consistent with^abstipence (<11 ppm). Sixty-one percent of the 
participants were abstinent throughout the 2 week contingency 
period, and 281jterCJhSi' remained abstinent throughout a 3-week 
followup. i 

Finally, Stacl^tSpfei^ Stoffelmayr (1983) evaluated a comprehen¬ 
sive 7-month-lqne |wo^ksite program involving sizable financial 
incentives as wPPlIPlliijaUh information, social support, and public 
commitment to nonsmoking in the context of 20 gradually paced 
group meetings. The program was conducted in three different 
worksites, with from 47 to 7Q percent of smokers enrolling in the 
program and an astounding 80 to 91 percent of participants 
reporting abstinence 6 months after participation in the program. 
These results are obviously very impressive, but it is not possible to 
evaluate the contribution of incentives versus the other procedures 
employed. 

Shepard and Peariman (in press) recently reviewed 15 (mostly 
unpublished) programs that used incentives to produce changes in 
smoking behavior in the worksite Some programs provide incentives 
for not smoking at the worksite, and others have a goa) of total 
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abstinence. Although incentive programs seem to be gaining in 
popularity and self-reported cessation rates appear high, there are a 
number of problems with evaluations of incentive-based smoking 
programs. Most studies are uncontrolled, and with notable excep¬ 
tions (e.g.. Rand et ai. 1984). measures of smoking status during 
nonwork hours and biochemical verification of smoking status are 
lacking. Clearly, incentive programs deserve further investigation, 
because they appear to be effective, relatively inexpensive, and easy 
to implement in a of different settings. 

Another appr^Kh to providing incentives for improvements in 
health-related behaviors.is to arrange competitions among different 
worksites or teams.-yrithto a given worksite. For example, Brownell 
and colleagues U^^y^^eport high participation rates, low attrition 
rates, and impressive opccome data in a recent worksite obesity 


competition. Giv^^g^ promising results. Klesges and colleagues 
(1985) conducted karijikai te amoking competition among four banks. 
Prices to benefit twfTsmokers and nansmokers were awarded to the 
bank with (1) th^ggjfeig§t participation rate, (2) the largest reduc- 
& tions in carbon toortoxiae levels at post test, and (3) the greatest 
abstiq^gg rate fes&WsS -month followup. All participants in this 
studyltSS^ed a £rtdually paced smoking control program previous- 
y woristc^ settings (Glasgow et al. 1984). Finally, a 

SmokiSf%aromppiiil^ced in the lobby or lounge of each worksite 
provided employees witfjj weekly feedback on how their bank was 
doing compared vSSfjPsf^jjther three. 

Participation rates^gt the program were exceptionally high. 
Overall, 88 perce®gPNill b an k employees who were smokers entered 
the program, cothparerTwith a 53 percent participation rate at a 
comparable savin|S'ln3'li^an organization that received the identical 
program without; Com^^hion, a significant between-groups differ 
ence. There wer||®ww£ver, no differences between conditions in 
cessation rates ai$K^gy^rticipants in the program. This may have 
been because supfecp^ ife the competition condition were more 
nicotine dependei^i^s^g|essed by the Fagerstrom (1978) Tolerance 
scale, than subjects in ^the noncompetition condition (p<0.02). 
Because of the higher participation rate, however, the competition 
condition produced a higher long term cessation rate (15 percent) 
throughout the worksite than the comparison condition (7 percent). 

One of the major advantages of incentive and competition pro¬ 
grams is that they do not require large amounts of therapist or 
articipant time. If the success rates of the uncontrolled studies 
able IJcan be replicated in controlled studies, incentive programs 
may prove to be the most cost-effective approach to worksite 
smoking modification. On the other hand, at least some people may 
require additional guidance and support (Danaher 1980). One 
convenient, low-cost method of providing skills training in the 
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context of incentive programs is through provision of self-help atop. ; 
smoking materials (Glasgow and Rosen 1978; Windsor and Bartlett < 
1984). Although a number of worksite studies have employed written 
self-help materials as part of multicomponent interventions (Li et aL 
1984; Komitzer, Dramaix et al. 1980; Nepps 1984; Rose et al. 1980), 
self-help manuals have not been used in incentive programs for 
smoking cessation and studies to investigate their unique contribu¬ 
tion to treatment outcome have not been conducted. 

Overall, the rjeaylts o( incentive- and competition-based programs 

are very promisinfc||6jj|vever, almost all of these studies have been 
conducted in SjJjliu worksites, and systematic replications of these 
findings in controlled investigations in larger companies are needed. 
Future research WSulp also investigate the types of personal 


incentives (e.g., 
competitions (e.g ;j 
work best in diffi 
carefully conside 
ers of quitters and 
old and ncw- 
employees. 



bonuses versus lotteries for quitters) and 
a worksite versus between worksites) that 
ganiiations. Finally, nonsmokers should be 
icentive programs—in their role as support- 
as ncfttsmokers, with bonuses for all Donsmokers, 
ile resources should be provided for all 


' ex ' 

Table 2 (e?g., Ko; 
1980; Schlegel e 
smoking program' 
noraic levels, and, 
health risk. Alt! 



the few large-scale clinical trials listed in 
ramaix et al. 1980, Li et al, 1984; Rose et al. 

), the majority of participants in worksite 
beer* young, from middle or upper socioeco- 
pations that do not place them at increased 
iking cessation efforts should continue with 
such population^..jaiR<.*rgument can be made for focusing efforts on 
individuals at particularly high risk for cancer, cardiovascular 
disease, or respij^^^^ease—the major causes of excess morbidity 
and mortality due to cigarette smoking. Given limited resources, it 
should be tnorep£SS^^itfective to direct interventions primarily 
toward those most thkejjy to develop disease. Three overlapping 
approaches have^^P^j to reach the following types of high risk 
smokers in the worksite: blue-collar male workers, workers at risk 
because of occupational hazards, and individuals predisposed to 
disease For reasons in addition to smoking (e.g., obesity, hyperten¬ 
sion, abnormal lipid levels) 

Few worksite programs have been offered by companies employing 
primarily male blue-collar workers, even though such groups have 
higher than average smoking rates. Although there is little or no 
documentation of the reasons for this inconsistency, it may be due to 
mistaken beliefs among health professionals that such individuals 

would be less likely to participate in or follow through wrth a 
smoking modification program. Ellis (19801 found that blue-collar 
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workers may be at least as interested in quitting as others in the 
^general population. Resistance on the part of some labor unions may 
constitute another reason for fewer programs conducted in blue- 
ipitollar worksites. 

Initial worksite smoking research with blue-collar workers has 
been conducted both at military bases and in Veterans’ Administra¬ 
tion (VA) hospitals. Schlegel and colleagues (19831 offered programs 
at 28 different military bases across Canada Although their outcome 
results were com parable with;Other studies, they did report re la Li ve- 
low followthroug ^ i piSSijiance) rates with homework assign¬ 
ments. Also, they unlit have failed to recruit a high percentage of 
l&nokers, because ans«vera]£$ of fewer than 10 smokers per base 

* » _ j 7”> — _i_c_ _i_ a i.* _ a* _l ; _r_ _ 






ergnt intervention approach is needed for 
^that does not require employees to 
and one that tailors materials and 
^Rurally. Dawley and colleagues (1980, 
iith employees and patients in VA 
tgd^ncreased smoking modification efforts 
int out that it is ironic that for many 
ealth care provider sold cigarettes at 
empt status. 

h with smokers in jobs that place them at 
rds has been reported. For example, 
h risk for respiratory disease, and 
ncrease their risk synergisLically (US 
oh asbestos in this Report). Ellis (1980) 
exults of a program for former employ- 
at involved incorporating antisrcoking 
dvice into regularlyijaeheduled appointments with company physi- 
ians, pairing written $elf-he|p materials with feedback on physical 

smoking cessation counseling. Over a 
low cost intervention was associated 
in the proportion of employees who 
related publication by Ellis (1979) 
lulling and treating asbestos workers. 
The most extensive no-smoking program involving high risk 
^^gjdccupations has been been conducted by the Johns-ManviUe asbestos 
company. In addition to a smoking ban throughout the worksite and 
company policy of no longer hiring new employees who smoke 
ICooper 1978), Johns-Manville launched an intensive antismoking 
mpaigm at 14 company sites. This program involved an educational 
paign coordinated with SmokEndcrs cessation clinics and the 
institution of the companywide smoking ban. Although systematic, 
published reports of this program could noL be located. Orleans and 
Shipley (1982) reported participation rates of 15 to 20 percent in Che 
cessation clinics and an approximately 75 percent posttreatment 
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quit rate among participants (apparently without biochemical vali¬ 
dation). In the only controlled study to date of worksite intervention 
in high risk occupations. Li and colleagues (1934) recently studied ' 
the effects of physician stop-smoking advice on asbestos-expo3ed 
naval shipyard workers. They found, somewhat surprisingly, that 
subjects who had abnormal pulmonary function tests did not have 
higher cessation rates (4 percent prolonged abstinence) than workers 
with normal pulmonary function tests (6 percent prolonged abeti- 
nenca) who rec^ved the same intervention. 

The third reaching high risk participants has been to 

conduct wmprejfeplSffve'ihealth screenings to identify uufit/ufuais at 
riak for the de&elopment of chronic disease. Rose end colleagues 
(1980) assigned pepgle ht high risk of developing heart disease who 
worked in 24 la|g&$|jgg^ptrial companies to intervention or screen¬ 
ing-only control'conditions. High risk people in the intervention 


condition were 
cessation at 5 
percent cessation 
and DramaLx 
conducted in Be 
Jnspmpary, 
■vithfliign .risk i 
rauc^®ire in; 
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ceessful at quitting Bmoking (12 percent 
similar subjects in the control condition (0 
imilar results were reported by Kornitzer 
les (1980) in a parallel large-scale trial 
Table 3). 

raising initial studies have been conducted 
lualj. But such studies are few in number and 
e study of ways to best reach high risk 
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eduction Programs 

ions have offered smoking cessation pro- 
ipjoyee wellness or lifestyle-modification pro- 
ams typically focus on achieving modifications in 
ition to cigarette smoking, such as obesity, 
hypertension, and a sedentary lifestyle, 
tide components on stress management and 
r. Almost all programs include an initial 
identify risk factors, but subsequently there is a 
considerable dive^^^^i approaches. Some programs focus solely 
on high risk partfcTpantsle.g., Meyer and Henderson 1974; Ware and 
Block 1982); others invite all employees to participate regardless of 
risk status (e.g . Naditch 1984). There ri also considerable variation 
in how smoking programs are implemented, with some programs 
holding separate meetings for smokers and others including informa¬ 
tion on smoking modification as part of their general wellness 
.program. 

i The concept of providing smoking modification services as part of 
u more genera! lifestyle program is appealing. Stopping smbking can 
be seen as one aspect of adopting a more healthy lifestyle, and other 
program components such os increased levels of exercise may 
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reinforce smoking abstinence (Morgan 1981). Many smokers, partic¬ 
ularly women, are concerned about potential weight gain aa a result 
of smoking cessation, and such programs can address these concerns 
(Ellis 1980). 

There are also potential disadvantages of multiple risk factor 
reduction programs. They may be difficult to implement because 
staff expertise ia required in multiple areas and because some risk 
factors, such as smbfcmg, ptay not be relevant for all participants. In 
addition, multiplRjBtiSi^flctor reduction programs must present a 
large amount of oomplex information, usually in a limited time, and 
' attention devoted to a given risk factor 
jpften be less than ia the case in single 
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tiple risk factor reduction programs have 
gn. The first is large-scale clinical trials for 
heart disease. The Belgian and British 
KorniUer and Draroaix and colleagues 
slleagues (1980) were conducted solely in 
£re discussed in detail in the 1983 Report of 
is DHHS 1983). These studies are well 
fleeted multiple dependent variables, including 
|risk or morbidity and mortality statistics. 
j>f multiple risk factor reduction program 
worksite wellness programs conducted by 
employees. Examples include the STA.Y- 
jntrol Data Corporation (Narfitch 1984), the 
Live for Life program of Johnson and Johnson (Nathan 1984), and 
* programs offered Xy TB^l, the Campbell Soup Company, and the 
Irkinson et al. 1982; Ware and Block 1982). 
smes of almost all industry-sponsored pro- 
ire difficult to interpret owing to varying 
lulls, difficulties in following subjects, and 
es of smoking status. Reports of company 
wellness programs with more than anecdotal data on smoking 
modification results (e g-, Grove et al. 1979; Sorman 1979) are 
summarized in Table 1. 

Cessation rates in multiple risk factor reduction programs in 
worksites have ranged from 7 to 33 percent at followup. Many of 
these rates are lower than those typically reported in other worksite 
smoking studies and are not consistently better than comparison 
conditions in controlled studies (Kormtier, De Backer et al. 1980; 
Meyer and Henderson 1974). Interpretation oT these data is proble¬ 
matic because of the lack of direct comparisons with smoking- 
cessation-only interventions, because subjects with multiple risk 
factors may be more recalcitrant than other subjects, and because 


Ford Motor Com! 
Unfortunately, 
grams reported 
methods of reportin; 
lack of objective! 
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TABLE 4.—Organizational characteristics potentially 
affecting outcome of worksite smoking 
programs 
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n programs reported in this section tend to be 
erthan one-shot smoking clinics. 


Characteristics and Other Factors 


research in worksite settings involves a 
re that may mediate or internet with program 
uationa! characteristics that may mediate pto- 
ined in Table 4. Although this list is certainly 
■wve^tigators should consider these factors when 
conducting wpekeite^rooking programs. An example of the potential 
effects of organizational characteristics is the variability in outcome 


reported by G| 
1984, in pn 
utilized in thei 
by many of th< 
the different 



>d Klesges and their colleagues (Glasgow et al. 
et al. 1985). The basic treatment programs 
were almost identical and were implemented 
feerapists. Yet, the S-month abstinence rates in 
mtanons ranged from 14 to 33 percent. 

Few of these variables have been addressed in worksite smoking 
studies. Bishop and Fisher (1984) have conducted similar multilevel 
smoking cessation programs in a number of different organizations, 
ranging in size from 200 to 6,000 employees. They reported substan¬ 
tially lower participation rates in large companies, a finding that is 
consistent with results of studies of worksite weight loss programs 
(Brownell et al., in press). Also, the studies outlined in Tables 1 
through 3 suggest that the highest cessation rates are obtained in 
smaller worksites. Taken together, these trends suggest that differ¬ 
ent interventions and different ways to assure participation need to 
be developed for large corporations. The problem may be one of 
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implementation, not design. Company policy regarding vesting 
responsibility in division leadership may be a critical variable. 

In terms of the second variable in Table 4, worksite smoking 
policies, it is important to emphasize that smoking cassation groups 
are but one way to influence rates of worksite cigarette smoking 
(Bermctt and Levy 1980). Although there have certainly been more 
reports on cessation programs than on other approaches to occupa¬ 
tional smoking control, evaluations of alternative procedures are 


beginning to appear, 
and Baldwin 1983; 
iind Jason and coll^agu 


1978; Jason and Sayio'J97 
signs and requests f 
posting of nonsmoki 
areas temporarily r 
of such policies 
decrements in sm 
.iiotta 1982; Jason 
evaluating the effi 
, warVer^siSSp "com 
? after wcg&gfcjeade 
of srnajujyyrfstricti' 
both win aiid no 
smoking exposure. 

Dawley and colie 
p \ into three categories 
to designated ji 


icular, Dawley and colleagues (Dawley 
d Burton, in press; Dawley et al. 1980) 
ason and Liotta 1982; Jaeon and Clay 
have studied the effects of no-smoking 
moke. These studies indicate that the 
and the establishment of nonsmoking 
oking rates, but that active enforcement 
ry to produce substantial or lasting 
avior (Dawley et al. 1980; Jason and 
1978). One caveat to be kept in mind in 
ts| of ^worksite smoking restrictions is that 
8S$si»| by smoking more during breaks and 
^Wald 1977). Evaluations or the effectiveness 
Id therefore assess smoking rates during 
^urs and include objective measures of 



bdivided smoking modification efforts 
g control (limiting or restricting stnok- 
smoking discouragement (educational 
efforts to encourage^pggpje. to stop smoking); and smoking cessation 
’(more formal treatment pr ‘ 

: site smoking 
% offered in conjunct! 
f ment efforts" (Da 
(hypothesis that has 
I The potential to 
in smoking cessation. 



amsl. They also suggested that "work- 
igrams operate most effectively when 
orksite smoking control and discourage- 
al. 1984, p. 329), a highly testable 
experimentally investigated, 
ications of the work environment to aid 
including restricting smoking, removing 
^cigarette machines, and altering work rules or aituations that 
promote smoking, make the worksite more than simply a location for 
i cessation interventions. The elimination of environmental supports 
• for smoking, alteration of the smoker’s self-image, changing the 
^perception of the smoker among peers, and revising the social norms 
smoking in the worksite may al! provide a powerful motiva¬ 
tion for the smoker to quit and support the successful maintenance 
of cessation. These changes in the workplace environment and 
attitudes may be more important than the components of the 
behavioral intervention used to get workers to quit, and experimen¬ 
tal verification of the impact of these changes would provide a useful 
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guide for the structuring of future comprehensive worksite interven¬ 
tions. Because it would probably be unlikely that researchers would 
gain access to experimental manipulation of some of the more 
controversial aspects of guidelines {hiring policies and penalities for 
smoking). opportunities that may arise to study such changes in 
noncontrolled research would be worth pursuing. 

Few data have been collected on the other variables listed in Table 
4 . ftesearch''«n worksite smoking programs should at least provide 
descriptive .y^htlsaUon to determine how these variables affect 
program jpKtess. The fit between organizational and program 
characteristics been neglected in past occupational smoking 
control research jt is hoped that future research will be able to 
identify iHPlyfwii of programs that are most effective in each 
different wo£)c£it&$etting. 



ImpIementffWSW 8'f Worksite Smoking Programs 

This secti&Siljiaiiles on two major classes of implementation issues: 
recruitmenj p|oce(lures and characteristics of intervention pro¬ 


motion; .^n&Hjxruitment 

The inttiJnrontaci with a worksite can prove critical to the success 
of a project^g:^^Merally recommended that the initial meeting be 
with the chimf'*e*pcutive of the organization (Klesges and Glasgow 
1985). Althw^^P^his officer typically does not coordinate the 
program. si$Spof*-fdbm top-level management appears to be impor¬ 
tant in progp.®..jc.esruitment and implementation (Grove etal. 1979). 
Another mfcthod of enhancing participation and organizational 
involvemenfestfKii«|§'ormation of a steering committee (Bishop and 
Fisher 198^biachpik and Stoffelmayr 1981) composed of key 

re presen tati^^^^t: both labor and management. Employees should 
perceive that th| program is voluntary and that they have input into 
its implem^Slisi^: Steering committees of this kind may be 
particularly important in large worksites with unionized employees. 
Management support appears to be quite important to the success of 
the committee (Bishop and Fisher 1984). 

Upon securing permission to offer a program, it is helpful to 
conduct a brief worksite needs assessment (e g.. Heckler 1980; 
Kanzler et al. 1976, Klesges and Glasgow 1985), The survey can be 
used to determine (1) the number and characteristics of smokers in 
the worksite, (2) the number of smokers potentially interested in 
participating, and 13) preferences concerning the types of programs 
that might be offered (e g , self-help versus group meetings; absti¬ 
nence versus reduced smoking) and the most convenient times for 
meetings to be scheduled. 
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During the recruitment phase, information about the program 
should come from a variety of sources, such as posters, memos, and 
brochures. Advertising experts recommend providing multiple expo¬ 
sures to a "product” (ir\ this case, a smoking program) to promote 
attitude change and to convince participants to take action regard¬ 
ing the product (Sawyer 1981). Promotional materials should include 
information about the cost of a program, stress that participation is 
voluntary and w4) v 'duel results are confidential, and counter 
possible misconceptj^P^.g-, "I have to quit at the first session”; "I’ll 
lose my job if I djaii^ participate"). It is helpful if at least one memo 
or announcemer^.com^ from top management. At this stage, 

human resource^; orpftrsbnnel directors can be extremely useful in 

. * . . . ... ... . . 


pis. 


suggesting the 
setting. Involving 
the program as 
program and the 
Prior to the &i 
programs prepar. 

11983; Bennett a 
I980).Jg^gse prepi 
hcaltffenp^ns (Ell 
< AndrfewE T|)S3; 
res#iiJllP^ with 
workers to pre 
programs. Althou; 
dures may help to 



promote the program In their particular 
media may also increase the credibility of 
provide no-cost advertising for both the 

(“mentation of a smoking program, some 
tes for health behavior change (Andrews 
1*980; Ellis 1979; Grove et al. 1979; Heckler 
rocedures have ranged from prescreening 
979) to the initiation of smoking restrictions 
■t apd Levy 198Q). Warnings of the impending 
ins of the "target restriction date” allow 
^changes, such as by joining available 
ieally untested, these recruitment proce- 
ce employees to join smoking programs. 



Program Characteristic^ 

The advantages of occupational smoking control programs dis¬ 
cussed earlier do ttea lly or necessarily occur. Programs 

must be made convenient. Higher participation rates are usually 
found in programaJjS^i&la^r time off work (e.g.. Klesges et al. 1985; 
Scott et al. 1983). tTurte off work for participation can be a double- 
edged sword, howe$ii^«*££i|iay increase the number of smokers who 
participate primarily to be excused from their work stations, and it 
may also create demands among nonsmoking employees for time off 
work to attend other health-related classes. Generally, the benefits 
of conducting programs during work hours outweigh the potential 
costs, and if management is not willing to grant lime off work, it may 
at least be possible to negotiate time sharing between employee and 
rfe.g., 172 hour of work time, 1/2 hour during lunch hour or 
after work). Investigators should also be aware of the difficulties 
involved in scheduling group meetings in worksites where employees 
work rotating shifts, such as hospitals. 

In addition to being convenient, programs should be attractive to 
participants. For example, allowing smokers to choose the type of 
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program touch as nicotine fading versus aversive smoking), the 
modality of intervention (self-help manual versus group meetings), | 
the treatment goals (abstinence versus reduced smoking), and the' ] 
type of group leader (health professional versus peer facilitator) may 
be helpful in attracting and retaining participants. Different compo¬ 
nents of a comprehensive program, such as physician advice, no- 
smoking policif^ stop-smoking contests, or group meetings, may 
mutually remforjfe acaic h other. While these suggestions await 
empirical verif|PHon. providing smokers with a number of choices 
should 6erve to jacreas^ participation rates. 

Finally, feedljacMm progress may serve to increase the magnitude 



jr example, participants can be provided with 
rbon monoxide levels as they reduce their 
®l. 1984; Scott et al. 1983). Charts displaying 
different groups can be posted in employee 
Periodic progress reports to department 
:be helpful. To avoid stigmatizing particular 
ack should be provided on progress by the 
y individuals, 

f problems in conducting worksite smoking 
t should be avoided, or at least anticipated, 
e such sensitive issue. For example, mixing 
with production workers can almost elimi- 
owever, this may depend on the company’s 
faction among workers of different levels, on the 


of behavior ch. 
frequent feedbai 
smoking (e.g., 
the weekly pr 
lunchrooms or; 
supervisors m 

- ad .p&t’ s - P«! 

gT°^;|||her th‘ 

Tlierfc are a 

Million g 

Group composil 
high-ranking e 
nate group discui 
tradition of in 

skills of the gi&up.jjepders. and so on, Scheduling difficulties can 
arise in settings were ejnployees rotate shifts or travel frequently, or 
where meeting^MS^^re scarce or distant from work stations. One 
also needs to 10 negativism or complaining, which can 

become eontag i fSufr''tne group's focus must be kept positive, A 
positive perspi&^j&ts^l particularly important when conducting 
competition or incentive interventions in which certain individuals 
or groups must "lose. 1 ’ A more optimistic perspective that can be 
used to encourage participants is that eveyone can win something by 
changing their smoking, so there are no losers. 

Finally, Marlatt and Gordon’s (1985) concept of stopping smoking 
as a "journey" can be quite helpful. On their journey, people may 
experience temporary setbacks or detours (relapses), but this should 
not prevent them from reaching their destination (abstinence). The 
presence of an ongoing program that makes it easy to try different 
options or to recycle a procedure can serve lo reinforce this concept 
and to improve long-term results 
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Recommendations for Future Research 
A number of suggestions for the implementation of worksite 
smoking modification programs have been outlined. Given the 
limited nature of the data available, few of these guidelines are 
experimentally derived. Research is needed to empirically support or 
refute these recommendations. This section discusses needs for 
future research in the field of worksite smoking modification. 
Recommendations made on both research methodology and 
substantive issues for (i$|$£er investigation. 


Ml 





de of creative experimental and qussi- 
uased by Cook and Campbell (1979). In 
possible to sequentially introduce an 
components in different worksites using 
line designs or to investigate the 
different strategies, such as physician 
Asocial support procedures, to a basic 


Methodological I|*uea^ 

Greater use a bo 
experimental desi 
particular, it shoi 
intervention or in 
time-series or m' 
incremental effects 
messages, incentivi 
rea t m c nknrpgr am 

GreatvPconaiste^ 
sraokinj^ralus w 
result®. IStB^ffund 


across studies in the criteria used to define 
^substantially aid in the interpretation of 
jes (1974) and Shipley and colleagues 

"• • ?" ^ i XNwnvmBiuv — w 

(1982) have provided guidelines for reporting outcomes of smoking 
cessation studies be more widely adopted. For calculat¬ 

ing abstinence rates, a Standard common denominator representing 
i the number of Bubjq^^mStering a program should be used across all 
points in time and ^^TfFSpbuts should be considered conservatively 
: as smokers. In stU(@CS IV Tff°*diich it is deemed important to evaluate 
reductions in smokipg behavior {e g., percent reduction in number of 
he content) in addition to the proportion 
; should be conducted on nonabetment 
avoids confounding the results due to 
(changes in smoking rate or topography, 
eport cessation success as the fraction of 
^ the smokers in the workforce as well as the fraction who agreed to 
participate in the program. 

Objective verification of smoking status is particularly important 
s§in programs involving financial incentives, competition between 
,, rival organizations, social pressure and support to quit, or controlled 
Jsmoking instead of abstinence. Each of the biochemical measures of 
^mmoking exposure has its own advantages and limitations (Bonowitz 
1983; Pechacek et al- 19&4). 

Another methodological problem faced by occupational smoking 
modification programs concerns the consistency between units of 
assignment and units of analysis (Btglan and Ary 19851. Typically, 


cigarettes smoked 
; of abstinent subjec 
subjects only. This 
1 cessation with resul 

*■ Worksite programs 
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whole companies are assigned to treatment or control conditions, but 
results are analysed using individual subjects as the unit TlilS 
creates interpretive problems because of the potential dependent; 
among results of smokers within a given worksite (or treatment 
group). Although there are no easy answers to this diiemn 
investigators ahould consider U) conducting treatment in a auIfiS 1 
cientiy large number of companies that the worksite can be usedjjl 
the unit of analysis: (2) utilising hierarchical or nesting designsttfr 
separate d^^flecjts of worksite from intervention condition (Myenrf' 
1972); or {g^jj mKfeasible. assigning individuals within worksites toe 
different treatment conditions. 

Future should pay greater attention to possible interact 

tions be tws^jL .worksite and treatment variables. For example, 1 
" competition procedures may be highly effective* 
ij employees feel highly committed to the company; 
settings low in organizational commitment 
social neLwork factors may also interact with,' 
program impact zi’ 

eed to be collected on the "generaliiatiou'’ effects 
g mcdification programs. Employers may be more 
am effects on employee morale, job satisfaction, 
im than on health outcomes such as smoking status: 
formation should be reported on the costs and 
occupations! smoking reduction programs. Prog- 
rt*w in thi^g^g^ould be facilitated by a systematic review of and 
aittujn lor procedures to be employed in determining the 
Ixij^jBSs^and cost benefit of worksite smoking programs. 

a\>\wav:J 

Substan liveAreas 

Three primary objectives need to be achieved by future research in 
worksite ijimsJiwg modification. First, more research should be 
conducted to increase participation and followthrough rates 

jms. For example, using various incentive proce- 
Seck bonuses versus team competition versus 
expected to enhance participation. Further 
investigations are needed on the impact on participation rates of 
interventions such as quitting contests, self-help materials, or 
hotlines that do not require a large investment of time and effort by 
participants. The majority of worksite smoking studies to date have 
focused on group cessation programs, but surveys consistently 
indicate that most smokers are not interested in participating in 
such programs (US DHHS 1982; Schneider et al. 1984). For the 
reasons discussed earlier, renewed emphasis on physician stop- 
Smoking messages is also indicated 

The second main content issue is how to enhance the outcome 
rates of worksite smoking modification programs. One approach to 
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this problem is to evaluate the utility of comprehensive intervention 
programs and environmental changes (no-smoking policies, cigarette 
machine removal, prominent no-stnoking posters) with cessation 
groups. Other approaches are assessing the impact of multiple risk 
factor programs versus single modality programs and of ongoing, 
continuous intervention programs in place for a year or more versus 
,, s pne-time-only program offerings. 

" f s The final category of recommendations for future research in¬ 
volves investigating subject and therapist factors that affect treat- 
sent outcome (Klesge^ and Glasgow 1985; Orleans and Shipley 
sp982). Additional st(j4|fiP^eeded of the enrollment patterns and 
Success rates of men versus women, white-collar workers versus blue- 

versus light smokers. Also, little 
eristics of successful program leaders 


workers, and 
known about the 



^e.g., ex-smoker coworkers vefsus professional group leaders). 
Summary and Con 1 

1. Smoking modif ^Pfca*»a nd maintenance of nonsmoking status 
§ among initial quitters htas the promise of being more successful 

in pri|^^^han in clinic-based programs. Higher 

ces$(i$SS8i| rates ^^orksite programs are achieved with more 

i W“i p r'> gT ^ri 

2. Incentives for nfensmotcing appear to be associated with higher 

participation success rates. Further research is 

needed to specify'the ^optimal types of incentive procedures. 

3. Success of a smoking program depends upon three 

primary factorr'thg"'^aracteristics of the intervention pro¬ 
gram, the chai^TC'l&HStjcs of the organization in which the 
program is ofTejed^aim#the interaction between these factors. 

4. Research is r.eedttj^SW'recru 1 1ment strategies and participation 
rates in worksjJ$§ag8j$$ting programs and on the impact oT 
interventions oh th| entire workforce of a company. 

5. More investigapSSliaie needed on worksite characteristics 
associated with the success of occupational programs and on 
comprehensive programs including components such as quit- 
smoking contests, no-smoking policies, physician messages, and 
self-help materials in addition to smoking cessation clinics 

G. The implementation of broadly based health promotion efforts 
in the workplace should be encouraged, with smoking interven¬ 
tions representing a major component of the larger effort to 
improve health'lhrough a worksite focus. 
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cotton textile workers. job category 

*is factor in risk. 403 


BYSSINOS1S—Contd. 
cotuw textile worker*, »mcku, t bv 
[loence on devolopmenl, 16 im 
•<23 ’ 

courm worker*. corroUUon wiy, 
douiiifi* in eirbome duel. <23 
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smokers, 414 
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workers, 16 
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prevalence and aerenty in cotton 
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sure level an factor. 432 
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413 
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cotton workers with acute symp¬ 
toms, 423 

CANCER 
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historical association with tobacco 
use. 6 

Japanese A-bomb survivors, relative 
risk ir. smokjrt v*. nonsmokert, 
455 

leather industry workers, exposure 
as risk independent of smoking, 
376 

mortality, age-specific rates for 
white men and women, 229 
mortality, age-standardized rates 
with/without asbestos exposure 
and smoking. 242 
mortality, confounding of occupa¬ 
tional exposure effects by smok¬ 
ing. 114-122 
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data, 368-369 

mortality ratios in meLal ore min¬ 
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occupation Hi exposure relationship, 
overview. 7 
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*ork*rs exposed U> "pure** silica, 
jimodard mortality ratios. 344- 
345 
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of interactions, 12 
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as risk factors. 101 
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naphthytarmne* and benxtdine. 
bladder cancer risk in exposed 
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xmokerx, 126 
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Lkmx for control. 390-391 

CELLS 
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CESSATION OF SMOKING 
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cancer risk. 224-225, 227-228 
asbestos workers, to alter future 
dweaxe risk. 270-271 
biochemical verification in control¬ 
led worksite modification studies, 
486-188 
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sex differences. 33 
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ronment as factor. 10 
coal miners ui reduce respiratory 
morbidity and mortality. 312-313 
controlled studies, data by worksite 
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484-465 

controlled studies, design and out¬ 
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cer risk. 381-38? 
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induced interstitial fibrosis. 259 
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exposure vs. smoking. 259-260. 
262 
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scale, 261 
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roent*enotr*phic eK*nje» pro- 
duced by cot I dust, 290 

Chronic airflow obstruction 5 h 
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RESPIRATORY SYSTEM 

CHRONIC BRONCHITIS 
(See al*o BRONCHIAL DISEASES* 
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EASES; OCCUPATIONAL DtS- 
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chrysotile asbestos workers, preva¬ 
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298-300 

coal miner*, occupational relation¬ 
ship. 239 

occupational exposure and smoking. 

additive effect, 13. 15 
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sure and smoking ax factor*, 

330 . 335 

si lie a -exposed workers, research re¬ 
commendation*. 347 
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asbestos exposure and imoking. ef¬ 
fects of combined exposure. 239- 
266 
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occupational exposure relationship, 
overview. 7 
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lated. relative frequent- ir*. 1*5 
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risk relationship, 141 
workplace and smoking, equation 
of interactions. 12 
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380. 3*2 

OM PE NS ATI ON ClJkf 
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occupational causes and cigarette 
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dent effects to determine disease 
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tion/contrcl program*, 477 

COUGH 
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rubber worker*, duration of em¬ 
ployment a* factor, with smok¬ 
ing, 388-390 

COUNSELING 

physician’* advice in amoking ces¬ 
sation program*. efTieacy, 493- 
495 

Demographic factor* See OCCUPA¬ 
TIONAL GROUPS; OCCUPA- 
T10NS 

DUST 

(See also OCCUPATIONAL EXPO¬ 
SURES) 

cement, independent risk factor for 
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cuai dust exposure and bronchitis, 
n*k relationship. 184-185 
coal dust exposure as emphysema 
rUk in miners, smoking role. 
T0S-<J08 

coal iusi exposure, underground 
vs aurfar* workers. 290 
coal, exposure area and duration 
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294-293 
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Smoking. 16. 412-414 
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nonsmokers. 414 
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exposure. 420. 422-423 
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m inflammatory lung injury. 
424-426 
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dUr&se mortality in exposed 
workers. 429, 431 

cotton, mechanisms of lung injury. 

cotton nonspecific hyperreactivity 
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occupational differences. 11 
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teraction of exposure and smok¬ 
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CONTROL PROGRAMS; WGRI. 
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n**«j for smoking information. 
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influences. 8 

IMMUNE SYSTEM 
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IMMUNITY 
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' correlat-on. 262-270 
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rette imoieri 266-267 

IMMUNOGLOBULINS 

IgA and IgG level* in asbesto. 
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266-267 

INCENTIVES 

monetary incentives and competi¬ 
tion in smoking cessation, effica¬ 
cy. <95-498 

KIDNEY CANCER 
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workers, study data. 162-363 
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ing u factor, 385-386 

laryngeal cancer 

uranium miners, possible interac¬ 
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determination, 
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214 
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461-463 

hypothetical distribution in smok 
- ing and nonsmoking uranium 
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miner*. interaction of smoking and 
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mortality, causal relationship with 
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mortality in male asbestos workers, 
observed vs. expected weighted 
average probabilities. 233 
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constituents. 461 
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research recommendations. 464 
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height, 247 

chrysotile aabcitoa worker*, profile 
of smokers w nonamok era, 253 
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fect. 296 
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> petrochemicai-s 

iVr alMJ OCCUPATIONAL.EUtPO 
SORES I 

men a lily in exposed worlees. 361- 

occupational exposure, disease^ 1 
risks. 359-392 



PNEUMOCONIOSIS 

iNee uitn OCCUPATIONAL DIS¬ 
EASES) 

run I workers, historical association, 
f ^7 , 2H9 

workers, pattern of develop 
mcnl. 1SI 


PNEUMOCONIOSIS—Coo Id. 
coal workers pneumoconiosis and 
progressive massive fibrosis, pre¬ 
valence. 294-295 

coat workers, standard mortality 
ratios vt general population, 
300-301 

disability payments vs estimated 

prevalence. 146 
disease definition, 290 
dust exposure is major etio logic 
(actor in coal workers. 312-313 
mortality ratios vs. cancer in metal 
ore miners, smoking as factor, 
343-344 

silica-exposed miners and other 
workers. 331-334 

Prevention of smoking See PRO¬ 
GRAMS AND POLICIES; 
SMOKING CONTROL PRO¬ 
GRAMS; WORKPLACE INTER 
VENTION PROGRAMS 

PROCKAMS AND POLICIES 
LS<* ciw SMOKING CONTROL 
PROGRAMS; WORKPLACE EX 
POSURE STUDIES. WORK¬ 
PLACE INTERVENTION PRO¬ 
GRAMS) 

economic advantages/disadvantages 
of worksite programs, 477-479 
Johns Mflnville amiisinoking policy. 

cessation program. 499-500 
worksite lmoking control programs, 
477-510 

PUIMONARY FIBROSIS 

iSrr aho LUNG DISEASES; OCCU- 

National diseases) 

animals exposed to cigarette smoke 
and asbestos. 234 

asbestos-ex posed populations, smok¬ 
ing relationship. 263-264. 266 
usbesJos exposure as ri*k factor. 

L4„ 239-240 

asbestos-induced, abnormal chest x 
ray as indicator. 259 
dockyard workers, by *mokinf hab¬ 
it and asbestos exposure. 266 
fibrosing nlveoliiis in silica-exposed 
workers, smoking role. 32-5 
nom-s posed vs. exposed Asbestos 
workers, smoking relationship. 
259-260. 262 
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PULMONARY F[BROSIS—Contd 
silica exposure os facior. «niym» 
Activity in pathogenesis. 339 
uranium miners, exposure effects, 
with smoking, 463-464 
Pulmonary function Set LUNG 
FUNCTION 


PULMONARY MACROPHAGES 
enrymatic Activity, influence in 
carcinogenesis, 237-238 
silica cytotoxicity in pathogenesis 
3f 33* < 

small »(rws^Ki^imokers. pattern 
of 

RACE FAgJORS^ 

black blpe-o^»r ^orkera. smoking 

gntokingf^rPw^^fe*. binh cohort, 

atioaSas factor*. 42-46. 




hadiatK,...„ 

(Sn- at *r OOCUf aTIOHAL EXPO¬ 
SURE S^ 

bladder £ia^ with tmdkirvg. 

>n uranium 

mineri ^Sa h imoXjng. 4i-<J 
■er riSkT«t.u» *mokil>t. sum¬ 
mary ^g^Srisiajisionj, 463 
human tijxs'jri Ijvels ^ r0,, ‘ fsc *' :>, ' 

da [ 4 6 

Japs neve X^boc^b iurvivors. cancer 
risk in nonsrouhers. 

^ _ 
lung canter epidemiology. studies 

on ini^SWiW^fects with smok- 

inf. 455-456 J 
Lung miner*, 

risk factor with smoking. 452- 

polornum tobacco ‘moke 

- 

*t 4 . w\th smoki-ng. 463-4&4 
radon daughters- interactive effects 
with cigarette smoke exposure. 

17 

1 evidential expcifcure, Lung cancer 
risk wiih smoking, 454 

REDUCTION OF SMOKING 

ojv> CESSATION or SMOK¬ 
ING. SMOKING CONTROL 


:>;W 


REDUCTION OF SMOKING—Conti 
PROGRAMS; WORKPLACE IN¬ 
TERVENTION PROGRAMS! 

biochemical verification in con trol¬ 
led worksite modirveation Uudie*. 
4156-468 

birth cohorts, by race, sex, and oc¬ 
cupation, 41-52 

controlled studies, daU by worksite 
type, procedural characteristic*. 
484A&5 

controlled studies, design And out¬ 
come data of smoking tnudi ftc4- 
lion programs, -486-488 
worksite participants, controlled 
studies. 483, 489-490 
worksite program cffecta, evalua¬ 
tion criteria. 4T9-480 
worksite program participant!, 
long term effects, 491 

RESEARCH RECOMMENDATIONS 
LSee aiuy WORKPLACE EXPO¬ 
SURE STUDIES! 

animal atudies of health tfTeci* of 
tobacco smoke and industrial 
pollutants. 391 

cancer risk with occupational expo¬ 
sure and smoking. 12 
chronic lung disease risk with oc¬ 
cupational exposure and smok¬ 
ing, 12-13 

health effects of occupational expo- 
- sum and smoking, epidemiologic 
studies. 3yi 

industrial pollutants. identifying 
consntuenrs u cancer imtu- 
lors/promoters. 391 
lung cancer risk »n occupationally 
exposed workers. 464 
lung function effects in occupation- 
ally exposed smokers. 169 
lung impairment, apportioning risk 

between occupational exposure 

and smoking, 17D 
methodology and evaluation issue* 
in worksite smoking modifica¬ 
tion. 507-509 

occupational exposure to specific 
agents, interactive effect* with 
imoking, 169 

■occupational exposure*. 347-349 
passive amok mg risks. 464 
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RESEARCH RECOMMENDATIONS 

Con id 

JLutiaticai analysis of occupational 
exposure and smoking interrc 
Uons. 169 

wcrk.ptact smoking intorvenlion 
prognama, 17, 507-509 

RESPIRATORY FUNCTION TESTS 
tSrt cite LUNG FUNCTION! 
asbestos worker* ind wnokcnt, pat- 
Urns of lung function changes. 
241. 243-254 

cHryaotite axbeatoa workers, percen¬ 
tage decline m smokers v». non- 
vnoken, 253 :>- Vn 

roil mioeru, 2S6-29j^^^3i2 
coal worker*, di^g^'pcmui^e and 
into king tfleeli' 308-312 

coal workers, f&d^^vorke?! vs. *ur- 
. . > 
face workers, s 

cotton dual exp 
effects, 415-4X9 

expiratory volutn^S^cd^e .1 work 
tr%. flfnokers >: nnf*.-, Ktkert. 

<l6-< 18 pl 

expiratory volume in tnt^ bysaino- 
si*. bronchitis,| 
fecu. 416 

"xsi^a 

^^419 

smokers, 245 
rubber workers. 

ployment aa \*CU 
silica-exposed founjj 
ventilatory capacj| 
ers, 304 

respiratory sVmptom^ 

CSm also COUGH^ 
chronic cough *mi 
miners, imokinj 
313 

Coal dust exposur 

298-300 

Col ion dust exposure and smoking, 
acute effects. 409—4 10, 412-415 
cough and phlegm in rubber curing 
workers, smoking as factor, l9l 
rubber processing wurKera. duration 
of employment as factor. 383- 
DHS 






RESPIRATORY SYMPTOMS—Contd. 

silica-exposed worker*;, chronic 

bronchitis risk factor with tmok- 

i&g. 186 

silica-exposed workers, dust expo¬ 
sure and smoking as factor*. 

330. 335 

standardized questionnaire to eval¬ 
uate occupation and amoking ef¬ 
fects. efficacy, 152-153 
workplace exposures u\ non- 

smokers. occupational bronchitis 
criteria, 184 

RESPIRATORY SYSTEM 

IS<* aUo BRONCHI; BRONCHI¬ 
OLES; LARYNX; LUNGS) 
airflow obstruction as symptom of 
chronic obstructive bronehitix, 

183 

occupationally exposed workers, 
pattern* of injury. l5l 
pulmonary responses to tilice expo¬ 
sure, smoking as factor, 325 
radiation and cigarette smoke, in¬ 
teractive effect*, 463-464 
smokers, patterns of injury in¬ 
largo and small airways and 
parenchyma. 148-151 
ventilatory function in coal work¬ 
ers. dial exposure and smoking 
effects. 308-312 

RESPIRATORY TRACT DISEASES 
\SttcL%o BRONCHIAL DISEASES. 
EMPHYSEMA; LUNG DIS¬ 
EASES. OCCUPATIONAL DIS¬ 
EASES! 

coal miners, dust exposure and 
smoking a* Factor*. 14-15 
historical association with coal 
mining. 289 

morbidity and morta?ity, smoking 
aa predominant cause. V42 
mortality from nonmalitfnant dis¬ 
eases in silica-exposed workers, 
321 

mortality tn coal workers. 300-304 
mortality in eotuin worker*. 429, 
431 

mortality m refinery and chemical 
workers, study daui. 362-363 
mortality, underestimation with vi¬ 
ta! JiaiisUM. 144 
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respiratory tract diseases 

Coned. 

silfco induced, dull concentration 
and exposure duration in risk, 
328-329 

u lie#-related, phy*tc*l factor* of oc¬ 
cupational exposure. 325 
vxntilalory disobilily in coal work' 
an, relation of smoking for re¬ 
duction, 313 


RISK THRESHOLD 

asbeato* exposure, confounding b> 
cigarette'knocking. as source of 
bias. 222 ^|pp| 
lung canc^p^i ubeittoo workers, 
smoking as loune of biaa, 222- 
224 s >: 

RISK REOC 

lung carci jn of asbestos 

229 

i coal miners, 
mokinf Cvvsji- 


NAL 
iTIONS; 

!. WOMEN> 
;i*k. by rmoking 
4pn, 379-380 
ire*a!«uce for 

selected t. 64-35 



ng habits. 


cotton wor)( 

404 

current srr«>kerB£»§$ 4 ex, occupation. 

amount moted, 5iM>3 
daily cigarette consumption by age 
and occuJfca«»Wr c S t 3-31 
employment pattern$\and smoking 

» reval '%$§l$# : 

General Elaine Company employ¬ 
ees. *rr.by occupa¬ 
tional category ana age. 78-91 
lung cancer^VfVv^b^^i eiposed 
workers. expected 

deaths. 214 

occupation and smoking behavior, 
current estimates and trends. U 
occupational mur-gonc*. smokinf; 

habiu by age, R3-% 

S«U- ■»! occupations, 4>G-5H 


SfUCA 

iScr uLa OCCUPATION At EXrO 
SURESi 


SlUCA—Coned 

cancer risk in exposed worker*, 
341-448 

definitions of health ef facta, 22S 
disease risk in erpckv?d smoken vs. 

nonsmokers, 331-334 
disease risk in exposed workers, 
summary and conctuaionj, 348 
epidemiological findings among ex¬ 
posed workers, 327-330, 335-336 
“free” n "combined’' forma, impor¬ 
tance to occupational toxicity, 

323 

industries with aignirtcajit silica or 
mixed dual exposures, 323 
pathogenesis of related health ef¬ 
fects. 339-341 

population at risk lor exposure. 

NIOSH survey, 323-324 
prospective study data on exposed 
workers. 337-336 

pulmonary effects in uranium min¬ 
ers, with radiation and smoking. 
463-46* 

research recommendations on 
health effects, with other expo¬ 
sures and smoking, 347-348 

SILICOSIS 

1 See aho OCCUPATIONAL DIS¬ 
EASES. PNEUMOCONIOSIS! 
coal miners, occupational relation¬ 
ship. J39 

dust concentration and exposure 
duration, risk relationship, 329 
du*t exposure as risk factor, smok¬ 
ing role. 325 

lung cancer in patients. 341-342 
lung cancer proportional morbidity 
rate in followup or jilicoties, 
345-3-iS 

lame injury mechanisms in exposed 
workers. 339-341 
pottery workers, early studies of 
risk relationship, 328 
workers exposed to 'pure*' silica, 
standard mortality ratios. 345 

skin cancer 

radiation and Cigarette smoke con¬ 
densate m induction in animals, 
456-438 

SMALL AIRWAYS 

iScr a he RESPIRATORY SYSTEM) 
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SMALL AJRWAYS—Corttd. 

abnormalities in chnornc obstructive 
lung disease. 252 

*ib«ioa exposure and tracking. *f- 
feet*, 271 

change* in smoker*, consumption 
and dur»t»on of habit u factors, 
255 

dysfunction in asbestos worker*, 
differences in exposure and 
smoking effect*. 2S8 
pattern Of injury, in asbestos-ex¬ 
posed wockeraipfKsfS , 

SMALL ACR.WAY%^®§E 
t.V* aUa OCCUPATIONAL D 1 S 
EASES. BESP^WTOR^TRACT 
DISEASES! ' 
silica-exposed * 

com mandation*. 347 

SMOKE TKKALA 

rmphysema (rvd _ 

radon daughuA and 
ore dust, 458 
lung cancer indu< 
aughte 




, SMQKINGl 

gnden* 

and interactive -effects wfth occu¬ 
pational 

synergistic v*. addiu^a..effect with 
occupational exfos^.^^60-361 
workplace, cnviroit^t u factor 
in initiation, ^ 

W WMWiVu^ 

SMOKING CONTttOL PROGRAMS 
tSee ofio WORKPLAf^U&lfcR- 
VENTtON PROpHrarar 
clinic-based vs. s^>^k^i^.p_jyj^rams. 
validity of com 

design and outcome of ^controlled 
worksite unokir^^^tjon 
itudieS, 406—488" 

or* an national characteristics, other 
factor* tr program success. 502-• 
504 

primary objective* of worksite 

jmoking modification programs, 
508-509 

. /wruameiu svxaCegies of various 
S§| worksite programs, participa 
lion/aurision rates. 484-485 


SMOKING CONTROL PROGRAMS—Contd. 

ft tine*-exposed population* to reduce 
disease ri*k, 346 

social support, phyueian'* advice, 
nicotine gum, incentives, effica¬ 
cy. 431-498 

worksite, evaluation criteria. 479- 
460 

worksite. Un piemen uuon, 504-506 
worksite, overview of advantage* 
v*. disadv&ritagea. 477-479 
worksite program* to modify •mak¬ 
ing’, three approaches. 5C3-504 
workxite. review of unconiroUed va. 
controlled xtudiea, 481-403, 489- 
490 

SMOKING HABIT 

LSre also OCCUPATIONAL 

GROUPS; OCCUPATIONS; 

SMOKING PREVALENCE; 
WORKPLACE SMOKINGl 
asbestos-exposed workers, multipli¬ 
cative interactive *fT«U, 9 
asbestos worker*, controlling for 
difference* to reduce confound¬ 
ing. 219 

asbestos workers, synergistic effect 
on chronic lung disease mortali¬ 
ty. 240-241 

birth cohorts, race- mod sex-related 
changes »t\ prevalence. 38-53 
blue-collar vs. while-collar workers, 

by sex and age. 23-26 
blue-collar vs white-collar worker?. 

initiation hy age and sex. 29-32 
coal miners, chronic simple bronch- 
iti r risk factor, with occupational 
exposure, 185 

coal miners, study data On smoking 
characteristics. 291-293 
cotton busi-exposed workers. 404. 

409 

cotton workers, disease risks. 16-17 
General Electric Company employ¬ 
ees 1985, by occupational catego¬ 
ry, age. »x. 78-fiL 
£old miners, effect with silica expo¬ 
sure on bronchitis symptoms. 

186 

male birth cohorts 1900-1978. 

changes in prevalence. 231 
Navajos in U S uranium turner 
study group. 448. 451 
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SMOKING HABIT—ConW. 

pancreatic cancer patients, daily 
consumption as factor. 387 
white U S. uranium miners vv 
nonmmer men. 448 


SMOKING PREVALENCE 
tS« aUa OCCUPATION A L 
GROUPS; OCCUPATIONS; 
SMOKING HABIT. WORK¬ 
PLACE SMOKING) 

workers, itudy 

white-collar workers. 

coaiU-&. male pppu- 

cotton worker^. study data. 4(35-408 
male^^iK^^orts 1900 - 1978 . 230 
raditftionWpojed miners. 446 
448 

SKOK^^Eys 

AmeHc-i«&C*n£er Society. by occu- 

eon I fcniner*, prevalence data. 291 - 


|eon*umpiion by oc- 
men and women. 

Company employ- 
x set» age. imuur'. 

Nitiop & interview Surveys, 

errij^ % patter ns and smok¬ 
ing 23-26 

Nalioft, p Interview Survey* 

for p 10, by sen and occu- 

P^fe 

Natioq 
*** 
zodi 

petrochemitai. aromatic amine, and 
pesticide industries prevalence. 
360 

Silica-exposed workers, study data. 
32S-326 



Interview Surveys, 
fy category and 


SOCIOECONOMIC STATUS 
biaddrr cancer risk relationship. 

.181-382 


STATISTICAL ANALYSIS 

independent and interact We effect* 
of xmoking and occupation*] ex¬ 
posure*, 162-164 

interaction* between occupation*! 
expoaurm and trucking, 10-4 T 
109-113 

occupational exposure effect on di*- 
eaae rick, confounding by tmok- 
Inf. 114-123 

occupational exposure* and tmok- 
tnff. quantifying interactive ef 
fecta. 158 

occupational expo* urn*, confounding 
of riak by smoking* ua* of com 
pariaon fTuupa, 122-130 
occupational nak*. comparability of 
Internal and external control 
group** 166 

THIOCYANATES 

Mnjin i*vel measurement to docu¬ 
ment 'molting tutus in work¬ 
place rtudict, 161 

TOBACCO SMOKE 

aromatic amines, possible role in 
Circinngeneaii. 371-372 
environment*! level* as risk factor 
in notumokem, 199-20Q 

TUBERCULOSIS 

C&w also OCCUPATIONAL DIS¬ 
EASES) 

mortality in *ilie*-exposed workers, 
327 

silica-induced, imokirg role, 325 
workers expensed to "pure" silica. 
ttanOard mortality ratio*. 345 

Tumorigeneaix See CARCINOGENE¬ 
SIS 

Tumors See CANCER 

URANIUM 

(See oiso OCCUPATIONAL EXPO¬ 
SURES; RADIATION; SILICA) 
dust, carcinogenic eJTecls in dogi. 
458 

luAff cancer in miners, exposure 
and smoking risks, 446—452 
miners, smoking habits, 448 
pulmonary effects of exposures, 
with smoking, 463-464 

WOMEN 

lung cancer risks. 377 
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Workplace S*€ OCCUPATIONAL 
CROUPS; OCCUPATIONS 


WORKPLACE EXPOSURE STUD¬ 
IES 

IS« also RESEARCH RECOMMEN¬ 
DATIONS! 

ubeslas. estoblURing r .-k thres¬ 
hold^ smoking ss factor. 224-225 
vbeotoa related mortality. data by 

type of «poaure. 206-209 
eancer mortality rclatsoruhip, 
imokin* 1(4(415 as source of con¬ 
founding 1 ] 4-'l3&K|S; 
caae-concrol ,fl 4 )yv-i l/r control 
confounding b/ smoking. 129-130 
chest i ray abjscrm»1i&|s in work¬ 
ers. smoking efl^tt. ljU-165 
' chronic lung 

ally exposeef >orker»^ ; l42-H8 
confounding behavior, 

tourers and loan tW^kl 4-130 
control of potrp^M^^l^^undin£ by 
■making. \±s& of comparison 
t rwpi. 123 

tolton workers' respiratory system 
with 1 
and 



403*431 

centr»uW of expo- 
methods, IG2 
ns, com 
group. 



£det.?rrn, 
cofttn 
&iliiy 
lfyf> 

healthy worker! 

liorrai design, ini' 

Healthy worker 
risk evat’iati 
high-risk populations, need for dat* 
on smoking ^TervVrv^n efficacy. 
498-500 . J 

internal control^d^^d^^Hble smok¬ 
ing status lo- control confound 

lung disease risk, w^h s«eKsku\K, 
summary i n169 

mortality r*sk. adjustments when 
smoking habits not known. I .TO-* 
131 

occupation and smoking risks, use 

yf external vi internal comrols. 
123-130 

occupational lung disease and ctga 
retie smoking, prevalence >n *ur 
vey populations, it' 


WORKPLACE EXPOSURE STUDIES—Coned 
physiological assessment. of work¬ 
ers, independent effect* of ntx>fc- 
ing. 156 

quantifies Uon of relative risk in in¬ 
dividuals, 167 

quantifying effects in populations, 
concept* of smoking interactions, 

158-160 

quantifying occupational and smok¬ 
ing risks, 160-168 
questionnaire to establish smoking 
■talus recommended. 161 
relative risk of cancer, smoking 
status ms source of confounding, 

115-122 

■Mica, prospective study data on ex¬ 
posed workers, 337-338 
tilka, research recommendations 
on health effect*, with other ex¬ 
posures and smoking, 347-348 
statistical analysis of independent 
and interactive effects of smok¬ 
ing. 1G2-164 

WORKPLACE IffTERVENTlON 
PROGRAMS 

(See otso RESEARCH RECOMMEN¬ 
DATIONS; SMOKING CON 
TROL PROGRAMS) 
asbestos workers, efficacy for smok¬ 
ing reductiorv/cesaation. 499-500 
controlled, characteristics. 483, 489- 
■ 90 

controlled studies, data by worksite 
type, procedural characteristics, 

484-485 

design and outcome 4at* from con¬ 
trolled smoking modification 
studies. 486-468 
evaluation criteria. 479-480 
general results and research needs. 

17-18 

High-risk populations. Imgc-scile 
studies needed. 498-500 
implementation. 504-506 
methodological deficiencies in com¬ 
parison conditions, participation 
rates. 491 

methodological issues in program 
design. evaluation criteria. 507- 
508 

moneUiry incentives and competi¬ 
tion. efficacy. ■95-^t98 
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WORKPLACE INTERVENTION 
PROGRAMS—Con id. 
multiple risk factor intervention 
program*, efficacy for smoking 
cessation. *90 

organizational characteristic*. other 
factors in program success. 502- 
504 

' overview of smoking control pro- 
grama. advantages n, d wad van ■ 
tages. 4T7-479 

participant characteristics, program 
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WORKPLACE SMOKING 
tSce aLso SMOKING; SMOKING 
HABIT; SMOKING PREVA 
LENCE1 

asbestos workers, muitipUciUve ijv- 
Urartive effects. 9 
biological statistical, and public 
health inleraclxm* with occupa¬ 
tional exposures, 104-113 
cotton workers, disease naks. 1&-17 
lung disease ruk, independent and 
interactive effects with occupa¬ 
tional exposures. \42 
occupational Categories by xgt t»d 
sex. 63-96 

occupational environment u facto? 
in initiation. 32 

occupational exposure studies, po¬ 
tential for confounding. 114-13G 
occupationally exposed workers, 
control groups to reduce poten¬ 
tial confounding effect, 123 
recent change* by occupation, age, 
and *e*. 33—38 

workers exposed to respiratory haz¬ 
ards. lung d’seojc risk. 146-160 
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Mr. N. W, Glover 










Subject! Hew WINSTON Full Flavor Advertising Campaign - 
__ Management Summary _ 

Background 

The attached book contains the Brand Group’s lull analysis on 
the neir^WTN STON Full riavor advertising campaign. This docu¬ 
ment e«fe#^l>hes that we have identified a valid campaign which 
faithfpity fexecutes the Brand's copy strategy statemehta. Based 
on thi|k-research it is recommended that we refine (re-shoot) 

-to "pel: feet" the campaign before it is introduced. Included 
book are: 

up Summary analysis of all research conducted ' 
plus separate analyses of each individual piece 
rch conducted on the campaign. 

nt of the 'Guiding Principles’ we will adhere 
fining (perfecting) the new campaign. 

tement of the ’Specific Exeeutional Changes* wo 
" mtified to perfect the strategic and exeeutional 
grity of the new campaign. 


Summary.. of -Cone lu a i on a 


A. CajRpajyi Validity 

idea is valid and strategically sound. 



Issue 


search and judgment dictate that the "Taste Grows 
Op" headline it a mors powerful headline property than 
the alternative of "Best Taste ..." although both head¬ 
lines ere strategically sound. "When Tour Testa Grows 
Op - WINSTON Out-Tastes Them All" provides* 

1. A more provseative invitational statement into 
the ad itself. 


v> 

© 

o 

m 

* 


2. Higher recall, 
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April 23, 1919 



Headline Issue (Cont'd.) 

3. Better quantitative and qualitative imagery 
eorwnuniea tion. 

4. Better quantitative and qualitative taete 
communication. 


Imagery Communication 

The new campaign communicatee the desired uecr imagery con¬ 
siderably better than Candid and equal to (and in some 
instances batter than} Marlboro. This it true in both 
quantitative and qualitative terms. 



Taste 'Ccxnmdhication 


JT hdtncv CArr^paign cotwnunicatci taste at significantly higher 
fITvelasgtha^ with Candid or Marlboro. Thi* is 


ArTue and qualitative terms. 



true in both 


rtg" executions tasted with the "Taste Crows Up" 
achieved overall recall scores which were signifi- 
Igber than the “All Cigarette Norm," Candid and 
(Recall performance among males was particularly 
and 10%). "Road Building," the other situation 
recalled at a much lower level than "Logging." 
id Building" matched the “All Cigarette Horm* 
Recall (16%).it was recalled at coneiderably 
is among males compared with "Logging#" Candid 
end Marlboro. Relative to ita recall performance "Road 
Building “Mid communicate good taste and user imagery 
benefits*'# in fact *t levels higher then Candid despite 
the IvirrSnt campaigns higher overall recall. It ie believed 
the t |^bf: Vi over recall on "Road Building* is attributed to 
the obvious executional weaknesses of this ad as identified 
in Meatir.g. 

Visual Imagery Communication 

The new campaign is significantly stronger than Candid in 
comunlotting t viiutl imagery refinement to the Brma 9 
key consumer benefits of taste and user imagery. (Sunset, 
rich, full bodied, redlsh coloration.) 
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III, campaign -Evolution 

Initially, when we started this campaign development, the idea 
va* to romanticise the Ilia of a nagged worker in tome occupation. 
Thia singleminded idea (occupation and environment being held 
constant) vaa abandoned ai we thought there wat more depth in 
* taking an ’extraordinary worker* across a number of different 

occupational situations. 

In retrospect, the Brand Group believes that there it still a 
good deal of validity in the ’aingleminded* approach, in fact, 
’Logging* My represent this type of opportunity. 

In this Recommendation we have proposed shooting four situations. 
’Logging, Building’ and 'Farming* are intanded for the 

introductory pool with 'Oil Rigging' serving at a 'back-up' 
situatio^or -4 futura pool of the multi-occupational approach. 

f > 

shoot 'Logging* as a complete campaign unto 
ntent is still to introduce the campaign in a 
nal mode while simultaneously evaluating 'Logg'ing* 
ad campaign in its own right (i.e., 'Logger in 
'Logging* would than be evaluated in testing vs. 
ational format to see if it consistently out- 
:r executions of occupation. There is a precedent 
ch am this is how Karlboro evolved into the 
They started with a number of dlffarent 
haracters and then realise the 'magic* they had 

y« 

ioted that our up-front statement of intent on 
s in ho way an abandonment of the original 
bw, it is a focus of that idea upon an area that 
||ady discovered as being impactful and strategically 
in bur testing to date. He want to charter a clear 
I <St4.cn up-front and evaluate a natural evolution of 

in our constant search for the optimal advertising 
ISTON Full Flavor, 



He propose to introduce the campaign with three situations 
comenc ingliA;:August, 1979. (See Exhibit I for schedule.} 

By r*br\»iy# 19$0 # vt will h*v« completed *11 Oor tcitin^ on 
the 'Logging' aingleminded approach (see Exhibit I). 

If, however, a July, 1979, start ia required, Exhibit II 
presents an alternative approach for getting the campaign 
into print by that date. 
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IV. Alternative Approach 

In reviewing the Brand Group's position on the new campaign 
(and ite potential evolution) Marketing Management has 
suggested that there may be more validity in the singleminded 
approach ("Logging*) than in the multi—occupational approach. 
Based on test results end judgment, they contend that perhaps 
the optimal way to go is to introduce with 'Logging* in July 
snd subseguently test our way into other situation* if the 
singleminded approach is, in fact, not valid. The rationale 
for thia position isi 

A. In our quantitative testing to date wc know that "Logging* 
works^X and works exceptionally well. Although, strategi¬ 
cally. aouad. the testing of "Road Building" was disappoint¬ 
ing iljPxenba of recall - particularly against males. Lower 
correct recall obviously produced lower taste and imagery 
communication relative to "Logging." 

ploys a singleminded charscter (Cowboy) in a 
vironment (West). Would WINSTON be tore 
if represented by a singleraindad character 
in a aingular environment (The Great North- 
e raatoning carries that we are trying to 
he "type Of person, who smokes WINSTON" and 
ion of who tha WINSTON smoker is «ay be tore 
captured if he was portrayed in a more single- 
ona character (Logger) in a constant 
(Morthvooda) may be more effective and 
n many charactars (Logging, farming. Road 
te.) in many environment*. In aaaenca, isn’t 
■ar approach tors "ovnabla" and doesn't it 
^aors of a "Property" than the multi-occupational 

If wi'Tift^oduced with "Logging* would it not be possible 
to expand!tha campaign into other situations after a full 

on both altarnatives had bean conducted. Given 
rn in-prlnt it is argued, we don’t run a slgnlfi- 
in having aatablisbed the WINSTON smoker as a 
afore proceeding into other situation*. Thia is 
__„_ly trua coming off Of WINSTON’a historical adver¬ 
tising (even Candid) wherein the WINSTON striker has not been 
identifiable or diisensionalited beyond being an "attractive 
person. (The scheduling of this approach would simply be 
the reverse of the information presented on ixhiblt I.) 
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IV. Brand Group ftccommenda'Lioti 

The Brand Croup stands by its original position to introduce 
the campaign in a multi-occupational approach and evaluate 
the near term potential of evolving into/or focusing upon 
"bogging," The rationale isi 

A. A multi-occupational approach does provide the brand 

with a valid campaign idea - a valid "property." WINSTON'* 
"place" la a state of mind not a fixed piece of geography. 

It is an "extraordinary worker" who work* an "extraordinary 
jpb" in an "extraordinary location." 

>V X 4 

B. Th%iP^ti~occupational approach providea greater opportunity 
tdPfirovide the emulatable association with our prime prospect 
ii^-ten^a of "the type of person that smokes WINSTON." 

WS are targeting at blue collar men. We want them rspre- 
e<&t;« 4 :: ::** a cut-above - not a mirror image of how/what they 

live/do. There ia no “one* WINSTON smoker. Rather, 
over 5 million WINSTON smokers plus an additibnal 
"" ?ull flavor smokers we want to become WINSTON 
C Mm m wot all of these man understand what "Logging" is, 

, r>i» a spire to be i "Logger" regardless of how well we 
.msH FfS&lfjfciie this situstion. Ws don't start where Marlboro 
W:,;' sorted. Our Logger has not been previously romanticised 
• s|mi MMb' quarter century of literature and television. We 
' believe we can out-Karlboro Marlboro by taking this 

# H« may be able to, but judgment indicates the 

^ajstnffbl risk involved. That’s why we want to carefully 
r*ji«£p®ir way into the single approach rather than go with 
M&iib't.v the outset. 

C T^^^ulti—occupational campaign is not as singleminded as 

sav a "Logging" campaign. The multi-occupational approach 
does? however, atill present a good deal of conalatency and 
projects a campaign look by virtue of the similar visual 
supporting all situationa (sunaat, rich, redish, 
rabbet coloration, large machinery, etc.). 



liehly, it is believed to be lesa risky to introduce with 
tlSTWlti-occupational approach find posaibly evolve) 

Into * singular campaign than take the reverse approach 
as this is what we have tested. 


t. A. Kampe 
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WINSTON FAMILY CREATIVE 
FOCUS GROUPS 
(KDC "82-21104) 


BACKGROUND 


V 


WINSTON introduced the "Men of America” campaign in August, 1980. The initial 
^.pool was developed to establish WINSTON as the cigarette for men who are mascu¬ 
line, contemporary, achievement-orienced, and practical. The executions since 
•W nen have typically featured a man enjoying a WINSTON in an outdoor setting 
that implies a sense of control over a demanding situation. 


Brand Management is currently evaluating creative executions which would fur¬ 
ther dimensionalize the image of the WINSTON man and broaden the campaign's 
appeal to target^IraokfifS. The purpose of this research was to provide 
guidance in the s^^^|on of executions for the Fall 1 982 campaign. 


.'TTHODOLOGY 

two focus groups -• 
on February 1. | 



oderated by Socrates Nicholas in Jacksonville, Florida 


Kv,. 




Smoker Croup 


Male WINSTON King Smokers 
Male WINSTON King Smokers 





he Tall 1982 prfnfsSooC appears to be a believable and effective extension*of 
{.he "Men of Amerieip^pmpaign. Generally, participants thought the new execu- 
ions conveyed camjJ-aderie and warm friendship, seasonality, satisfaction and 
njoyment, and tfre^PPIfie that results from accomplishing physically demanding 
ork. The executions reinforced for them that WINSTON delivers rich satis- 
ylng tobacco taste. 

he preferred executions portrayed several figure* enjoying a break from 
hysically challenging work. This demanding work appeared to be the means of 
Riding self-respect and the respect of peers, with warm friendship and 
acceptance as the end reward. In conveying camaraderie and enjoyment, how¬ 
ever, preferred executions conformed to the values and experiences of the 
smoker, and featured models who reflected the smoker's view of himself and his 
peers. 
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EL TSL'lTS 

Cenerally, the new executions conveyed: 

camaraderie and warm friendship, 
seasonality, 

satisfaction and enjoyment, 

the pride that results from accomplishing physically challenging work, 
and that WINSTON delivers rich satisfying tobacco taste. 

^WINSTON was perceived as a cigarette for "virile," "salt of the earth" working 
en. Participants related the demanding occupations in the executions to the 
uality of WINSTON: the models were hardworking Americans who had earned the 
good satisfying tobacco taste of WINSTON. Cigarettes were viewed as a reward 
^ifor a job well done. Smoking enjoyment, however, was not conveyed unless at 
least one person in the execution was smoking. Smoking was Judged to be 
inappropriate in. dangerous or Qther unrealistic work situations. 

referred execuC^|i^^>rtrayed several figures enjoying a break from work. 
Participants pref"erred the warm friendship, respect and acceptance by peers 


"phat these execu 
^who would proba 
f^amount of touchlh 
trusted, and res 
with at least thj 



^conveyed. One participant stated that these were men 
becoe or go fishing together on the weekend. A limited 
was^ viewed as an obvious sign of acceptance by peers liked, 
Camaraderie appeared to be strongest in executions 
four figures. Conversely, the single figure in other 
executions was dfcscrlb^d as an individual with his own preferences who did not 
is5s# J fipilow the crowd! 



uccessjuTwork 
ecessltatei and 
ob wtlPme, a 
ituations in w 
t was important 
n fact, although 
hallenging jobs! 



dan on s were a cut above the average blue collar job. They 
duped confidence in the individual's abilities, pride In a 
|esion within the teas. Participants preferred realistic 
.bthes looked as though work had actually been performed. 

he men not appear to be tired from working, however, 
■icipancs admired and identified with the physically 
yed, they preferred the executions in which men were 
elaxing. It apjr&,&£.3.. v that the participants view physically challenging work 
s the means of building self-respect and the respect of peers, with camara¬ 
derie and accept|ggig3^ the end result. Friendly, smiling facial expressions 
^ere important ig portraying a warm accepting atmosphere in the executions, 
'herefore, in th»ll^*i“Cutlons depicting actual physical labor, camaraderie 
^aay be enhanced close-up shots of several figures smiling, warmly 

interacting, and : helping one another. 

£ 

Croup identification with the men was strong: the men in these executions 
ould like the same things they did, do the demanding work they admired, and 
.smoke the same brand. Several participants with moustaches noted, however, 
t all the models were clean-shaven, reducing their identification with the 
cution. Hardhats were preferred, but only if the color did not identify 
the wearer as a supervisor or foreman, likewise, plaid shirts were preferred 
more than solidly-colored ones, but this may be a seasonal effect: the warm 
richly-colored plaids complemented the fall outdoor settings, but may be less 
effective in executions during other seasons. Therefore, pride, a sense of 
camaraderie, and smoker identification with the models were most effective in 
executions portraying realistic demanding work situations and using models who 
conformed to the smoker's view of himself and his peers. 
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PURPOSE 




The aim of the Jacksonville focus group sessions was to 
determine how on target is the current Winston lumberjack 
campaign and how closely blue collar males can identify 
with it. 




METHOD 




$ ” 



Two focus |X^: v ;ysessions were held in Jacksonville, Florida, 
February 1 ^ 1.9.31. Respondents in both groups were males 


who held brut cellar jobs, who had never attended college and 
had no^ int in^o^ of doing so. They may or may not have 
grai^SSted fp^em high school. All were to smoke at least one 
pack of Wits ton;king size (85mm) daily. The males in the 


first group vteg; t e between the ages of 18 and 34 and the males 


h\v.v.w,v 

in the second between 35 and 49, 
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A WORD OF CAUTION 


w 


As with ail qualitative research, the indications are to be 
viewed as suggestive, rather than definitive. The emphasis 


V 


5 „in this project is primarily on the quality of what the 



espondents say and the implications of their feelings and 
emotions. The pertinence and importance of any comment and 
finding develop as the point cones up in various sessions, 
nd is manife^jiiNin one way or another by the respondents 
the differe^v&^sessions. 

| iiij 

ince we have Rn yften been unwilling witnesses to the misuse 


of qualitativ4yyyy|arch in formulating marketing strategy, we 
eel o^Aas f ated ^^ niect a note of caution for the reader of 
this^p^t. f£H|r§ are a number of clear-cut purposes served 


ty qualitative 


^arch as well as a number of objectives that 





.t cannot and .^6^1 d not attempt to meet. 

ua 1 itative re,s e a rjh can: 

Develi otheses about the subject. 



Obtair^l^fghcs into the social processes of group 
interactions as they relate to the subject, as well 
as how they are discussed. 


ualitative research cannot: 

Quantify any of the above so that a "representative 
picture is obtained. 

Determine how the market will react behaviorally to 
a subject that group participatns have discussed. 
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SUMMARY OF FINDINGS 



Advertisement moods and people. 







* Respondents are quick to decide advertisements represent 
extremely masculine scene. They identify people seen 




as potKing class men who enjoy their jobs and being 
toge‘“4'r as a group. 



ified in advertisements as likable and approved 
as feffreibenting solid American values. 


&verci sements seen as people who have talent for 
n as well as for work. Also, they are seen 
who are comfortable with themselves and each 



* Thercnfctioor setting is said to add to positive image of 
situation. 



k 


The participants in the advertisements are thought to 
be independent types, capable of exercising individual 
judgment, who never do what they do not want to do. 
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T \ 




r.i 


Respondents express strong desire to be with these 
people, whom, for the most part, they see as 
reflections of themselves. 


The cigarette 


K 



* s message radiated by advertisements is that 

itri^-1 strong, rich; smooch cigarette that can 
satisfy! a virile man and is suitable as a reward for 


ifcll done. 



* Rescanrents most want to be part of scenes of relaxation 
raiShf^-'-’Chan of ones showing active work. The idea of 
a breap from labor is treated as very important. 


Perceived 


•ences and preferences 


* When invited to discuss elements in the various pictures, 
respondents note they prefer to see more than one type 
of Winston pack. They also prefer to see men in hard 
hats. However, white hats denote a boss or foreman and 
are therefore a weaker choice. They prefer plaid shirts 
to solid-color ones and do not like suspenders. 
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SS*. 


* Respondents would prefer laid back situations to 
active work ones and would also like to see men 
offering each ocher cigarettes as well as smoking 
them. They also seem to prefer pictures in which 
people they can closely identify with--people from 
their type of background--are in the forefront. 



Reservations 


* S|g8^|g|ilesp on dents feel one man touching another has 
Homosexual implications. However, a majority can 
accept this as a symbol of masculine partnership and 
t^SUdy-buddy sentiment. They relate it strongly to 
tffe behavior of football players. 


Ultimate feelings 



* 


ents conclude comment on campaign by strongly 
ng it and give evidence that it reinforces 
their approval of the cigarette. They clearly 
identify with the scenes, most of the people in them, 
and want to be part of what these men are doing. They 
want to actively share their concerns and enjoyments. 


endo?f i 
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marxeting implications 


The overall campaign 


jV> 


* There can be little doubt that by and large the 

lumberjack campaign is very much on the right track 

as far as exercising an ability to appeal to the 

, : 1 

blue collar male. Identification, enjoyment of 
situaci^i, degree of sympathy for figures portrayed, 
and: a is ire to participate in perceived scenarios 
alkj: ^ster strongly. 



TheLoa^aign also seems to appeal to an image, which 
may typssomewhat in the realm of fantasy, that the men 

pSnMKWkvwwtS 

in ^Jife^advertisenents enjoy a degree of independence 

£ 

th&Mi$uld be aspired to. 


The cigarette 




* The campaign clearly gets the message across that 

Winston is a strong and rich-tasting cigarette suitable 
to the hardworking male. 
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Participatior. 


•' 1 


* It would seem that most men would rather see scenes 
of relaxation after labor than scenes of the labor 
itself. It may also be advisable to show men in the 
advert is ement s offering each other cigarettes or 
actually smoking. 


b-,,. 


* It^^y^very wall be that the majority of blue collar 
ty p.es..,wj ll identify even more closely with the 
ca if they can see in it more people who clearly 

sh their backgrounds and life styles. 


Touching 



there may be some latent objection to seeing 
touch, most males will probabLy accept this as 
a normal American demonstration of good-guy friendship 
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DETAILED FINDINGS 


The advertisement's moods and their people 



The men of Jacksonville were very quick Co identify the 
Winston advertisements they were shown as portraying a 


very mascuM-pe scene, one populated by working men who 


enjoyed their labor and being together as a group. They 

f- 

fa s a likable collection of all-American 
guys who were both brawny and the salt of 


were consi 
men, fun-1 





are blue-collar guys who all smoke 
on. These are plain American folk 
gork hard and play hard. It says here 
’Winston is a man’s cigarette. 

show guys who know how to relax afer 
cut down a tree. These are American 
L workJ rs, hard workers, who enjoy what they 

’ld.-also enjoy, the .outdoors. The pictures 
lot of camaraderie. 


are strong guys who have teamwork. 
They’re really just average Joes who work 
hard to earn their money and deserve the 
relaxation they can get from a cigarette. 



These are red necks, happy-go-lucky guys who 
enjoy good times. They drink beer together, 
play pool together. They like each other’s 
company. 


These guys enjoy their job and being together. 
They make a kind of family. They're comfortable 
with each other, relaxed with each other. They 
go to the poolroom together, hang out at the 
same places, drink together and go to each 
other’s barbecue. 
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A few of the respondents said that the mood of the ad¬ 
vertisements reminded them of the Miller-time commercials 



$ 



and the atmosphere they generated. Interestingly enough, 
it was also said that the people in these pictures were 


types who were showing a degree of independence. They 


worked out^i4§yby choice. They did exactly what they 


wanted ancf’refused to be cooped up in offices. What they 






did, how t|ifep!^prked, how they used their leisure time, 
and what they smoked all testified to the powers 

of their firewall. 



jition, the respondents also quite readily declared they 


would very; 


like to be- with these men. 


have a good time because they know how to 
Lhavgia.good time. They're independent, do as 

please, and don't let pressures get to them. 
y|||g|£i get pleasure out of their work. You wouldn't 
; in|el a college education to hang around them, 
enjoy the simple life. No one can twist 
their arms. 



I could get into these scenes. These guys work 
and play hard. You'd have a lot to talk about 
with them, about the woods, for instance, and 
how big the trees are. X like being outdoors. 


The wives of these men were pictured as loyal stay-at-home 

types who lived to take care of their children. In addition 

to the obvious pleasure taken in cigarettes, it was said g 

ui 

CD 

C 

W 
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these husky macho types valued good beer, good food (especially 
steak s), and a good "piece of ass." They drove four-wheel 
vehicles. Jeeps, or pick-up trucks. 

The cigarette 


The participants deduced that the advertisements were telling 





them Winst 



a strong and rich-tasting cigarette, 


T & are people who want a cigarette that can 
rt^t-cT up to them. It would have to be rich and 
]g, a satisfying cigarette they could look 
yrwjyrd to after the hard job of cutting down 

. The cigarette for them is like a reward. 

garette would be smooth and rich because 
and able-bodied men deserve a good break, 
people want strong cigarettes. Fresh air 
good taste. 


ads are saying Winston is the cigarette for 
TT“h%rd-working man who deserves a break. 



A few of C 
made them 
way a cowboy was to Marlboro. 


Pictures to be in 


^pondents went on to say chat these advertisements 
ike a logger was being linked to Winston the 


When the individual pictures were examined, many of the panelists 
said they would prefer to be participants in some of the 
situations more than in others. Those that showed the men g 

O 
Ui 
u t 

a» 
c 
u > 
c* 
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relaxing after their labors were favored. This was especially 
true of the picture showing five men gathered around a newly 
felled tree. 


They're all getting along. They look happy. 

This shows you can enjoy the outdoors. They're 
talking about how they cut the trees down. 

Th^e's action and personality in this picture. 
Eve rj&3ia^ looks comfortable. There's a lot you 
ca^fet Unto—people together. There’s inter¬ 
action'^ It's the best one, but I also like and 
to be in the pictures that show 
pedpTi^foing home after work. 

| is break time, a bullshit session. 

•net working. They're having a good time. 

She ones where they look relaxed and where 
probably not talking about work-~the stump 
e. These guys enjoy smoking together, 
comfortable with their cigarette. 


Interviewees, v ery often added they would not like to be in 

^iwnvMMa 

the picture 'that .showed a tree falling or one in which people 
looked tired f r o ts working hard. 


^ Differences 



[n stating a preference about the scenes they might want to 
participate in, the respondents pointed up one of the 
differences they were quick to cite as distinguishing one 
picture from another. When asked to name other differences 


O 

o 

Ul 

a> 

■rr 

uS 
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they could easily discern, they replied that some of the 
pictures showed different types of Winstons, while others 
only showed one (a Winston range was preferred). They 
went on to point out that, some men wore hard hats while 
seme did not, that some were blue hardhats while others 




sported re. 


§B.te, green, or yellow ones (incidentally, 


many thought i^ was wrong to show white hats because these 


were the wl 
wore jack el 



ardhats of the boss or foreman), that some 
ile ethers did not, that some carried tools 
fir belts while others did not, and chat most 
clean-shaven while only a few sported 
also said the pictures could be differentiated 
them showed a group while others featured only 
In this connection, it was stressed that group 
pictures were preferred because groups automatically meant 


'people we ag^jiav ing a better time. People could relax better 
together. were suspect, although one man did say that 

showing one person stressed individuality. 


This guy smokes for himself. He's showing his 
personal preference, that he doesn't follow the 
crowd. He smokes the brand he enjoys. 


It was stated that there needed to be at least three or four 
people in a picture for the idea of a socially shared situation 
to get across. 


kn 

O 

o 

u 
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Choices 






K 


# \ 


The respondents, when given a choice, said they would like 
to see the men in these advertisements wearing hardhats 
(not white or silver ones, chough), plaid shirts rather than 
solid color flannel ones. They also again said they 
preferred ;th se» people relaxing, "enjoying the envircnement" 

i 4 

rather tha^p.. working. A laid-back situation was felt to be 
the idea of relaxation after labor was 


appropriate 

repeatedlj^^^iipon. They often endorsed the implications 
of an auu®a8s£££ting 


particpants urged, too, that the men be 
some of the pictures and passing packs of 
t and forth. 



seen smokii 


cigarette: 


A Reservat 


C 1 : 


Some of the respondents did not like the idea of one man. 
touching another. To them this meant "fags." But these 
people were contradicted by others who noted that good 
friends could touch each other and that it was a common 
thing for football players to pat each other on the back. 


C/T 

o 

o 

w 

U t 
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Ic shows partnership. It's a buddy-buddy thing, 
like in a baligame. 


-p- ^ Ultimate feelings about Winston 

When all was said and done, however, none of the respondents 

r~r- 

k, declared that anything they had seen in the pictures made 

them feel (than very positive about Winston. 


T*' ? 


el good about this cigarette. From the 
xDjessions on these guys Y faces I want to 
¥#" involved just the way they do. 




It 


aisc 


gr that the respondents related best to those 


jjVM'WWOW 

indi^igual^In phe picture with whom they could most closely 
identify iijof background and life style. 
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I BACKGROUND 

A. Brand smoke? 

B. Length of time smoking? 

C. Amount smoke per day? 


1 


S«w 


II SHOW TOTAL WINSTON CAMPAIGN 

A. Comprehension 

1. What said? How? 

2. Other things said to you? 
3r-\,.Hain point of campaign? 

B. At^Tit'udes - Overall 


How? 



| felt about what said? Why? 

C suggested to you? Why? 
t especially liked/disliked? Why? 
relate to? 

| - what said? why? 

■ what shown? why? 


udes - Pictures 


$ felt about what saw? Why? 

it especially liked/disliked? about what seen?why? 
|c Reactions to: 


1< Activities shown 
2 jfeifyp es 0 f people shown 
3of comaraderie 
4; gettings 
SiMWivities 


ATTITUDES 

- HOW TO RELATE TO - 


ES D 


•A 

O 

o 

\ w 

\ Ul 
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TO: 

J. A. Herberger 

FROM: 

W. R. Murray 

SUBJECT: 

CONSTRUCTION SITE TACTICAL PLAN 

DATE: 

May 13, 1981 


BEST 

COPY 



6 


The attached plan details the National extension of the 
successful Agency test of this concept. It will create a 
loc^-li^^iglliving, extension of the WINSTON "Men of America* 
campaS'Shf at construction sites across the country. 

this effort are: 

^.ecjfion of highly visible construction sites 

ution to the construction workers of WINSTON 
materials 

'Ution to the workers and passersby of WINSTON 
12 ' s 




the Special Markets group has been able to 
time to have all essential materials available 
t-up on June 1. 

will commence on June 1, 1981 and is budgeted 


John, |jf yo'u have any issues or requests, please contact 


me, 


/ ’• ; 


it 


W. R. Murray 


WRM/dbd 

cc: J. Casey 

G. L. DcHaan 
M. Koutzen 

S. R, Stravsburg 
Attachment 


PLAINTIFFS 

exhibit 
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